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PREFACE. 


The present Avork is one concerning wliicli a few 
words of pndatoiy notice may be deemed necessary. 
It aims at notliing more tlian to give the Ix^ginner in 
the study of Zoology or Botany a con)])reliensive 
view of the great life-helds Avliich are seen to lie 
before him, from the standpoint of an ol)server in 
the common t(‘rritory of Biology. But tlu^ Author 
would ]iop(i that the work may also prove acceptable 
to the non-techuical reader, avIio may wish to gain a 
general idea of the manner in which the wondrous 
cycle of existence is carried on and maintained 
within the living organism. 

Each succeeding year demonstrates more 1‘oreibly 
to the teacher of Natural Science the high ini})ort- 
ance of making his puinls thoroughly acquaintcal 
with those recognised 2 )rincii)les on Avhich the study 
of living beings is conducted. Looking on the 
present elTort, tlieridbni, as a sketch or rough ])i(‘ture, 
the Author has sought to draAV broad outliiu^s, rathiu' 
than to fill in the details of a highly technical or 
completed Avork. He lias desired to lead the student, 
as a passing traveller, through the great ])i()logical 
tract j halting in tlu* ramlile only to point out those 
more prominent points which will serve as familiar 
landmarks to guide and direct him in a subsequejit 
and more extended survey. The infonnation to lx* 
gained in such a manner forms the only sure basis 



VI 


PREFACE. 


on wliicli a solid superstructure of systematic know- 
ledge may he afterwards built up. 

Thoroughly aware of the theoretical, as well as 
the coiitroA'ersial nature of many stages in the bio* 
logical journey, the Author has endeavoured, so far 
and as plainly as he could, to state the pros and cons 
(>f such debat(‘able subjects. But he has not, at the 
sam(i time, hesitated to exprciss an individual or 
party opinion as to the merits or demerits of any 
particular school of thought or theory. A fair state- 
ment of fa(;ts, it will be allowed, is not invalidated 
by an honest exi^ression or advocacy of the side to 
which an author may be disi)0sed to lean. 

The Author has thought that the aim and end of 
a student’s guide-book ” would be bettiT fulfilled 
by adopting a style often bordering on the conversa- 
tional, than by writing in a manner which, if more 
strict and formal, would obviously prove less interest- 
ing and explanatory to beginners in the science. 

With the view of aiding the junior student 
especially, a Glossary, containing explanations of the 
more t(‘chnical terms used in the text, has been 
append(‘d to the work. 

The illustrations, taken from various sources, have 
been drawn on wood l)y the Author. A few are 
original, and the Author has been guided in his 
selection of the entire serie.s, from the knowledge 
of tin* diagi*ams requmal to illustrate a course of 
prelections on the '‘Principles of Biology.” 


Edixcuiigh, Jananry 1874 . 
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CHAPTEE I. 


Definition of “ Natural History ” and “ Biologj^ ” — Relations of tlie 
Orj^anic ami Inorganic Series — Classification of the Natural 
Sciences — Cliaracteristics of Organic, ami inorganic Ohjects — 
Form — Clicniical ConiiK)sition— Intimate Structure — Mode of 
Increase — Cyclical or Periodic Change. 

The term ‘‘ Natural Histoiy,” used in its widest sig:iii- 
ficauce, has hitherto been emi>loyed to d(‘sigiiate that 
departmeut of scicutific inquiry which deals with the 
structure and relations of the ohjects which exist in tlie 
world around us, and of which, indeed, the universe itself 
is composed. But a very little consideration will at once 
show us, that the term so employed has a decidedly com- 
pound nature, in that it may be said to embrace or in- 
clude sev(^ral distinct and individual sciences. Thus, in 
one way, by the name ‘‘ Natural History ” we may col- 
lectively designate the kindred sciences of Botany and 
Zoology ; or we may employ the term as merely synony- 
mous with the last-mentioned branch of iinjiiiry ; or 
lastly, and in its wider meaning, wc may speak of 
‘‘ Natural History ” as iucluding the sciences of Zoology, 
Botany, and Geology, together with otJier and allied 
departments of science. 

Of late years, liowever, important, and at the same 
time beneficial, changes have been wrought in tlie nonieii- 
clature of the “ Natural ” sciences, and a new term, tlnit 
of Biology,” has been introduced into the terminology 
just referred to. This latter name — “ Biology ” — may 
be correctly enough translated by the words “ Scieiirt* of 
Life,” or of “Living Beings;” and whilst it thus in- 
cludes several departments formerly recognised under tlu; 
term “ Natural History,” its meaning is obviously more 
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restricted and defined than that of the older name or 
expression. 

But although the term “ Natural History ” has, in this 
way, been broken up, and although its former significance 
is almost entirely lost, yet, scientifically, the naine is still 
used to conveniently express and incliule all those depart- 
ments of inquiry which investigate the relations of 

Natural ” objects ; and, employed in this latter and ex- 
tended sense, it therefore includes many branches of 
iiKpiiry which fornuirly lay beyond its meaning and im- 
port. This more recent arrangement Avill be presently 
noticed when treating of the classification of the various 
departments of Natural Science, but these preliminary 
observations will serve to imi)ress on the minds of be- 
ginners the altered ndations of this constantly recurring 
term. 

The aim and scope of that department of scientific 
knowledge kmjwn as Biology,” is th(‘r(}fore the investi- 
gation, in its fullest sense, of livimj beings in all their 
relations, wliether to each other, or to the objects by 
which they are surrounded. The term — din’ived from the 
Greek, hiox^ life, and loyoa^ a discourse — sufiich'iitly ex- 
plains itself, and it will require, but little thought to per- 
ceive that the wider name and science of Biology includes 
tljc two great provinces of inquiry which deal with the 
corresponding series into which living l)eings are divided. 
As the youngest and least erudite amongst us knows, the 
Animal AVorld on the one hand, and the Plant World on 
the other, are the provinces or series referred to ; and the 
sciences of Zoology and Botany coukl also be readily sug- 
gested, as those which investigate for us the respective 
details of animal and plant existence. 

Hence the “ Scieiic.c of Life,” or “ Biology,” includes 
the two sciences of Botany and Zoology. But as we 
gaze on the external world, we find that a complete and 
thoroughly comprehensive view of the wide field of 
Nature would necessitate our recognition of a third group 
of objects, in addition to the two groups we have already 
perceived. This third group embraces objects devoid of 
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life, and for those we em]>loy the general term Mine- 
rals 3 ” and the Mineral Kingdom, therefore, forms the 
third of the great Natural Kingdoms which, from our 
earliest years, we have h(>en accustomed to recognise. 

Beyond tliis ]n’imaiy classification of natural objects, 
however, a further division has to be noticed. In speak- 
ing of tliese objects we arc accustomed also to recognise 
their division, according as they are living or lifeles>s, 
into two ‘‘ iSeries,” known as the ‘‘ Organit^ ” and ‘‘ Inor- 
ganic ” series. And tlie.se latter are terms, witli the 
meaning of wlii(‘h it will lie advantagcuus for th(‘, student 
to become acquainted. By anytliing being ‘‘ Organic,” 
we broadly understand that it possesses life, or is alive ; 
whilst an “ Inorganic ” tiling, on the contrary, is one 
which is lifidess, or destitute of vitality. Thus the 

Organic Stales ” includes the animal and plant worlds ; 
whilst the “ Inorganic Scries ” contains the mineral wwld, 
and all objects destitute of life. It is thendbre the prti- 
vince of Binlogy to investigate the relations of the 
Organic Series ; the consideration of the Inorganic Seri(\s 
falling to the lot of the Chemist, Miiujralogist, Natural 
Philosopher, and Geologist. 

The following table may serve to render eh'ar the 
arrangement wdiiidi has just been detailed : — 


Divi.sions of Natural 
Science or History. 

Division of Natural 
Objects. 

riinniry Divi- 
.sions, or 
“ Scric.s.” 

Biology {“Science of 
Life”) iiichidc.s 

r 1. Animal World \ 

\ {Zoology) f 

1 II. riant World ( 

( (liotaiiy) ) 

'Jdiese, forming 
the Or^fanie 
Series. 

M i n oral og 5 % ( ' h eini .s- 
try, Natui'id Jdii- 
losopliy, and Geo- 
logy, iiieliide. 

1 111. Mineral World | 

Tlii.s forming 
llie Inoj'- 
ganic Scries 

' i 


Although, as inqdicd by the term Biology, our con- 
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siderations are to be devoted to an examination of the prin- 
ciples on which the study of living beings is conducted, yet 
we cannot, at the present stage, leave the inorganic series 
wholly out of consideration. At the outset of our studies 
a few questions of great interest and importance await us ; 
and even in the case of juniors in the school of natural 
science, it is neither wise nor right that these questions 
should be passed over or omitted. 

The preliminaiy questions to which I allude, Tbear chiefly 
upon the distinctions which the biologist is led to draw 
between living and lifeless things, and between animals 
and plants. And to tlie popular mind the thought of the 
actual necessity for drawing such distinctions, may, and 
not inajitly cither, suggest itself. ^‘Why,” it may be 
asked, “ do we require to draw and define lines of demar- 
cation between living and lifeless things, or, for that 
matter of it, between animals and plants ? But, on the 
other hand, it is the province of a true scientific method 
to be in every way thorough and exact. And without, 
at first, perhaps, fully recognising the necessity or import- 
ance of clearly understanding the relations between any 
two groiq)s of objc'cts, y(?t we must needs have these rela- 
tions clearly in view ; since wc may be called upon to 
discuss q\iestions concerning such relations, and the cor- 
rectness of our judgment and reasoning will most surely 
depend on the estimate Ave liaAm ])reviously formed of 
them. TJiis holds i»articularly true of the relations 
between the animal and jdant worlds ; the scientific 
observer, as Ave shall hereafter see, setting at nought most, 
if not all, of the means and ways by which the ordinary or 
unscientific observer Avould seek to separate the one great 
group of living beings from the other. 

The differences or distinctions Avhich the biologist is 
led to draAV between organic and inorganic things are in- 
cluded under tin', five heads of — (1.) Form; (2.) Chemical 
Comjtosifion ; (3.) Intimate Structure and Arrangement of 
Part a ; Mode of hi crease ; and (5.) Cyclical or Periodic 
Change. To the consideration of each of these points, 
therefore, Ave may devote a little attention. 
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Firstly, then, living bodies are distinguished from life- 
less or inorganic bodies, by dijBFerences in Form or General 
configuration. Inorganic things may be destitute of any 
distinct or definite shape, in which case the term ‘‘ amor- 
phous” is applied to them. Their form may, in some 
instances, be inappreciable at fii’st sight, but generally, 
and without much trouble, inorganic things are ascer- 
tained to be bounded by straight lines and by plane sur- 
faces. If we select a crystal of any kind as an exami)le 
of an inorganic body, we <‘an readily enough admit the 
truth of the definition just given. Its fac^ets and anghis 
offer definite points of arrangement ; its boundaries are 
straight lines, and its surfaces are plane or fiat surfaces. 

A living body, on the contrary, is gcTiorally bounded 
by curved lines, aiid by convex or cojicave surfaces ; or, 
if we care to extend the definition, we may use the words 
‘irregular surfaces,” as serving to include those living 
bodies, which may seem to fall without the boundaries of 
a definition savouring of the strictly mathematical kind. 
At any rate, there is little chance of confusing the outlim; 
of the living organism, with the generally mathematical 
boundaries of tin*- inorganic body. 

Look at tlie body of a horse, for example, or of a fi-sh ; 
or extend your glance throughout the wide area of eitlier 
plant or animal life, and notice how form and symmetry 
partake of the curved outline. Indeed, so accustomed 
have our idcjis and thoughts come to be associated with 
symmetry, that we describe the “ line of beauty ” as a 
curve ; and in the sha[)e and symmetry of aninnil or 
plant form, we rarely or never see a ix)rfectly straight 
outline, but in its place a graceful curve or undulation. 

Then, as this curved condition appears to be invariably 
connected with tlie outline of the living organism, so also 
are the surfaces of the organic body similarly convex or 
concave. Earely or never do we see in a living bod} the 
flattening and strict planes of the inorganic object ; but 
with wavy curves, and bulgings, and shallows, the sym- 
metry and contour of the living being is at once lu'-auti- 
fuUy and gracefully formed. The foregoing remarks with 
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regard to form and general configuration must, of course, 
be held as aj>plying to the living body as a whole, and 
generally, altliough not invariably, to its parts also. But 
ill som(‘ insta.ne(‘s, the terms of the definition woidd appear 
to be infringed, as, for example, where mineral concretions 
are developed, normally or abnormally, in the textures of 
the living body. Sm^h structures will be found, irresiiec- 
tive of tlieir origin, to present the characteristics of inor- 
ganic things. The definition as here employed, however, 
includes all the essentials for distinguishing, on this first 
liead, b(‘twe(m things living and things lifeless. 

Secondly, the study of their Chemical Compodiion affords 
grounds of distinction between organic and inorganic 
objects. The science of Oliemistry deals with the inti- 
mate coinpositioii of bodies, and in analysing substances 
of all kinds, tlie chemist finds that they consist or are 
made up of a number of bodies which themselves are 
ultimate^, or which, in other Avords, cannot be sjdit up 
into two or more bodies of difrerent kinds. 

Such idtiinate bodies arc knovrn as “ elements/’ and of 
these Ijodies Iron, Sidjihur, Zinc, and Arsenic, may be 
selected as him iliar examples ; Avhilst certain bodies, ex- 
isting ill their single and ultimate state in the form of 
Gases- such as Oxygen, Hydrogen, and ISutrogen. — also 
fall under the classification of “elements,” since they 
cannot Ixi analysed into two or more gases of different 
composition. 

The information, therefore, which the diemist has to 
conviy respiicting the relatm^ com]>osition of living and 
lih'less things may be generally stated as follows. In 
inorganii' bodies a plurality or considerable number of 
elements is found, and these elements may exist in the 
inorganic body, either singly, or in combination Avith each 
other, in Avhich latter case they form “ compounds.” 
The “ compounds ” so formed by the union of the elements 
of lifeh^ss bodies, are not prone to resolve themselves into 
the indiAodnal elements of which they are comiiosed ; and 
lastly, the number of elements in such inorganic. “ com- 
pounds ” is never very great. 
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111 living or organic bodies, on the contrary, the clie- 
mist finds but few elements ; these few, however, rarely 
existing in their single and elementary state, but generally 
forming among tlunnselves very elaborate compounds. 
And in living bodices, as opposed to inorganic things, the 
chemical compounds arc prone to resolve themselves into 
their respective elements ; in other words, the compounds 
of organic objects are exceedingly liabl(‘ or predisposed to 
decompose.” A simple and ultimate fiict in the che- 
mical composition of organic bodies, is the invariable pre- 
sence of water ; and this latter fact is not without its 
duo weight and importance, in the face of the considera- 
tions which await us, when^we discuss the probable nature 
of life and vitality. 

Lastly, it may lie a useful fact to bear in r(nnembrance, 
that the elements Carbon, Hydrogen, Oxygen, and Nitrogen, 
are the “ essential ” elements found in the composition 
of animals and ])lants. These an^ so termed from their 
invariable pnisence in organic bodies, and in contradis- 
tinction to other elements of less frecpient ocicurrence, 
wdiich latter are accordingly known as “incidental” 
elements. 

Thirdly, in the details of TvtimaUz Structure aud 
Arrau [JO lieu t of Parts^ we find a further means of distin- 
guishing between tlie organic and inorganic scries. The 
lifeless crystal, as the type of the inorganic body, i)resents 
throughout its substance, Avheii pure, and ai)art from che- 
mical considerations, a perfect similarity of structure. 
To use other terms, a homogeneity or sameness of struc- 
tur (5 is charact(‘ristic of inorganic bodies. A bit of 
chalk, for example, to use a homely phrase, is chalk 
“all over;” and of a block of coal, a lime crystal, or 
any other and ordinary inorganised body, the same remark 
holds good. Nay, if we pulverise our crystal to the 
fiiKist state of division — so finely, indeed, that the naked 
eye cannot discern with any degree of i)recision the s('])a- 
ratc particles, the microscope will, nevertheless, demon- 
strate to us that each minute particle or ciystal will bear 
all the essential characters which marked and distin- 
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guishcd the entire crystal as a whole. Each particle, in 
fact, will be the prototype of the mass from which it was 
derived. 

On the other hand, a living body generally consists of 
diverse or heterogeneous parts. Dissimilarity of struc- 
ture may be said to characterise the living body, just as 
a sameness or similarity of structure is characteristic of 
the inorganic thing. And between the diverse parts of 
an organic body, tliat is between the tissues or organs 
of wliich it is built up, there exist certain definite and 
decided relations, evinced and manifested after a defined 
order or succession. The want of any tiling in the lifeless 
body, approaching in nature to such relations, sufficiently 
indicates the want of parallelism on this sj)ecial point. 
In the lower forms of life, it is true, these relations may 
not bo either strongly or appreciably marked ; but even 
in the case of these lowest organisms, their intimate 
structure, as distinguished from that of the inorganic 
body, affords perfectly ch'ar and unmistakable grounds 
of distinction. 

Fourthly, the Mode of Tv crease, in the cfise of a living 
and of a lifeh^ss body, offers a v(‘ry marked ground of 
separation and distinction. A typical examiile of the 
mode of increase in an inorganic body is seen in the case 
of those naturally-fonned calcareous or limy pillars 
which depend from the roof of many limestone caverns, 
and which arc known as ‘‘stalactites.” Such a pillar, 
often of very large size, is formed by the slow dripping 
of water holding in suspension a huge quantity of lime. 
This water percolates through the rocks forming the roof 
of the cavern, and thus drops on to the floor beneath. 
As each drop of water trickles slowly downwards, it 
leaves behind it, and before it droj)s on the floor of the 
cavern, a small i)roportion of its calcareous burden, which 
thus remains attached to the roof of the cave. Gradually, 
and as time rolls on, this deposition of lime particles 
continues, until at length we find a solid pillar-like struc- 
ture formed, which depends from the roof into the cave 
below. Or, in a similar manner, we may find that the 
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water dripping from the roof, or from the “ stalactite 
itself, on the floor of the cavern, may gradually deposit 
lime particles, to form in time a pillar springing from the 
floor towards the roof, and which is known as a “ sta- 
lagmite ; ” this latter structure being in every particular, 
save in position or point of origin, the prototype of the 

stalactitic ” growth. 

How, in either case, has the lime-pillar been formed ? 
By what process has the gradual increase in size been 
carried on ] Simply by the slow and gradual deposition 
of new particles of lime on the outside, or on top of those 
particles which were already deposited. Tin; process is 
a purely mechanical one, that of adding to the substance 
of the stalactite by fresh additions to its outside or 
external surface ; such a process, indeed, as a child en- 
dowed with sufiicieiit patience might imitate in the con- 
struction of a pillar of clay, by sticking new particles of 
matter on the top of those which were already placed. 
Each drop of watc^r, bringing its quota of calcareous 
matter, left behind a proportion of its burden attafJied to 
the already-formed material. The process, therefore, 
merely demands a certain ror mechanism, and a sufli- 
cient period of time. And to this mode of increase, 
namely by the addition of fresh particles of matter to the 
external surface, the term ‘‘ accretion ” has been ajqdied. 

Contrast now with this state of matters the mode of 
increirse of a living body, and observe the essential and 
characteristic difterences which are at once and readily 
perceptible. The living body increases in size, or adds 
to its substance, by absorbing matter from the external 
world, by receiving such matter into the interior of its 
body, and by assimilating the matter so received — 
that is, by incorporating the matter with, and converting 
it into the substance of which its body is composed. As 
opposed to the process and term of “ accretion,” the living 
body may be said to nourish itself and to increase? by a 
process of “ intussusception.” The lifeless body thus in- 
creases from without : the living body is built up from 
within. 
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The elaborate processes included under and implied 
by the terms assimilation ” and intussusception,” are 
performed by the digestive and absorptive systems of the 
organism. These special functions, as we shall afterwards 
see, arc as distinctive of the living organism, as we now 
notice the mere result of their working, to characterise 
and distinguisli the living body. The term assimila- 
tion ” therefore, means something more than tlie mere 
reception within tlie body of foreign material. It carries 
witli it the sense and meaning of such matter being 
furtlier subjected to a process of alteration, of elaboration, 
and finally of absorjition, in a new form into, and in- 
corporation with, the tissues which it is destined ulti- 
mately to nourish and support. 

Such a process, tlK'xefore, so far from being merely or 
in any way mechanical, is of the kind we ordinarily term 

vital in other words, the i)ro(*css of nutrition, or that 
by which a living body nourishes itself, is dejxmdent 
upon, and follows, the exhibition of tljose complicated 
idicnomeua, whicli, tak(m collectively, constitute wiiat we 
know as “life.” And thus the living body alone and 
truly “ grows the lifeh'ss or inorganic objcxd merely in- 
creases in size. The “growth” of the living organism 
is thus carried on in virtue of the several actions and 
j)hases which are essentially coiu'crned with the elabora- 
tion internally of matter derived from the outside 
world. 

Fifthly, and lastly, we may distinguisli between organic 
and inorganic bodies, under the head of Cyclical or 
FerimJir Chaiufc. Inorganised bodies present in their 
history no series of defined actions or processes which 
tend to efiect changes or alterations of a similar character 
in their substiiuce or history. They arc, it must be 
allowed, acted u])on by the chemical and physical forces 
which are everywhere and ceaselessly at work in the uni- 
verse around us. But within themselves, they possess no 
source of active or potential change, and are solely and 
passively acted upon from without. 

stone or boulder, for example, in the centre of a 
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plain, -Nvill exhibit but little cliango tlirougliout a long 
course or cycle of years. The rains and frost may efiect 
some alteration in its outward iispect ; the chemical 
action of tluj atmosphei’o may affect the constituent parts 
or elements of wliich the stone, chemically speaking, may 
be composed. But beyond these purely physical altera- 
tions, the history of the boulder will bo one without 
variation or cliange. And wliat is true of tlie boulder 
is also true, in a greater or less degree, of every other in- 
organised bo(l3^ 

Very ditieroiit, however, is the case of the living being. 
Its entire existence is made up of changes and alterations. 
Its entire ^‘life,” as we know it, from beginning to end, 
consists of defined stages, each accompanied by (diaracter- 
istic phenomena, which vary widely in the phases or 
actions through which ihe^y are manifested. From the 
commencement of its existence, ceaseless action and 
consecpicnt change arc to be perceived as pre-emiiKuitly 
characteristic of the living organism. Its growth, its 
progress towards structural perfection, its maturity, its 
decline and decay — are each and all periods and phases, 
heralded and accom])anied by, and manifested through, 
active and characteristic changes. 

Kor less striking are the changes, which, in its relations 
to physical and chemical force id laws, the living body 

liresents. The physico-chem i atdions, whi(*h, un- 

opposed, effe(;t change and ah ation on the lifeless or 
inorganic mass, are made si servient in the living 

organism to the ends and ainu of its existence. The 

living body has a chemistry and a system of physics 
peculiarly its own. But furtlier, it may not only be the 
sourc(*. of active (diange witliin itself, but may also efleiJ 
changes in oth(‘r bodies or things. It may be the source 
of various forms of energy oi power, and in this capacity 
may produce light, heat, or electricity, wdiich in turn may 
affect either beings similar to itself, or the inanimate and 
lifeless material by which it is surrounded. It may 
possess the pow'er of independent motion, and in virtue of 
this power may move about from place to place, com- 
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tial ; and to leave the student without at least putting 
him in possession of facts as they stand, would be to 
neglect the most important of the principles and theories 
with will ell the biologist has to deal : Since questions 
concerning the nature of life and vital action are, at the 
present time, of tlic fullest and deepest import to every 
student of tlie great life-sciences. Newspaper and magar 
zinc literature teems with discussions respecting the life- 
theories of the past as compared with those of the pre- 
sent ; and, if only to enable us to keep abreast with the 
tendencies of everyday life and thought, the present sub- 
ject demands somewhat extended notice and comment. 

The opinions of the earlier workers in biological science 
regarding the nature of life m'cd not be discussed at any 
length in considering tlic question in its more modern 
aspects, and under the light of modern research. In this, 
as in very many other matters, the ancients were quite 
content to theorise, and to conceal, under the idea of an 
abstract term or name, their ignorance of the cause or 
source of any given action or series of phenomena. The 
ancient theories of the origin and nature of life embody 
much that is mythical and fabulous, yet we may trace 
through the mist of superstition and ignorance a few 
beams of the true light, struggling and feeble, no doubt, 
but asserting their power and jirescmce as auguries of the 
higher hopes and certainty of the future. 

Passing over the dark ages of history, in which know- 
ledge, social, political, or scientific, gained little or nothing 
that was new or useful, we step at once, in the consider- 
ation of life-theories, into the arena and sphere of modern 
thought. A transition this, comparable, in detail and 
results, only to the rapid change from the gloom and 
darkness of a dungeon to tin*, bright sunlight of the full 
and brilliant day. With the advent of what may be 
termed the philosophical era of thought, matters biologi- 
cal, along with the condition of schmee in general, under- 
went a very great, and at the same time beiuificial change. 
New theories and ideas rapidly supplanted the old time- 
honoured thoughts, which, from sheer staid age and 
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respectability, had assumed an importance not to be 
lightly estimated or set aside. And, as is usual in such 
revolutions, whetlier in the world of active physical life 
or in til at of mental toil, the change wrought, amidst 
much that was really good, not a little harm. IS'or can 
the chronicler or historian avoid taking cognisance of the 
important fact, that the iconoclasm in the matter of life- 
theories,” amongst many other results, has tended to 
produce serious discord in the sci<*ntitie world, and has 
trammelled and clogged the thouglit and energies of 
workers in other fields besides our own. The liistoiy of 
modern jtfogress in biological thought and sciem*.e will be 
found to be throughout a record of hot contention, arising 
chiefly fr|mi the battle of theories, and from the conflict 
of oppos&g ideas. 

Treading so closely, as we do in the present case, on the 
confines Of the “ unknowable,” the amount of speculation 
which has been indulged in respecdiiig life-theori(‘s has 
loaded the biological mind with a most unjirofitablc 
burden ; and we do not all possess the time, many have not 
the iiuTination or even the abilit}^ to assume the otlice of 
scientific threshers, mnl riddle out the scanty grains of 
pure com from amongst the mass of \iseless chaff which 
lies around us and impedes our way. To use nicn^ hypo- 
thesis as a clue and guide to the unravelling of a pcrjilex- 
ing aiKl unexplained series of phenomena, is a ])erfectly 
justifiable and h'gitimatc procedure ; l)ut, at the same 
time, it is one which mu>st be very canTully distinguished 
from another and most unwarrantable aspect and fallacy 
of speculative reasoning, that of employing a mere thcoiy 
as if it were based on ascertained fact ; or, as if the hyiio- 
tliesis involved in itself facts and laws which havt^ as 
yet to be ascertained, and to the knowledge of which it is 
the true office of speculative reasoning to lead. As has 
well! been cxprcssecl by a distinguished thinker, “ Lid it 
not Ibe imagined that wc undervalue the assistance which 
science often receives from the wildest speculations, so long 
as tjiese are not elaborately enunciated as a jjriori laws, but 
are \ confined to their only legitimate use, the suggestion 
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of new methods of interrogating nature by experiment. 
By all means let philosophic minds indulge in any vagaries 
they may choose to foster, but let these be carefully dis- 
tinguished from facts established by experiment, and 
kept as private magazines, from which, when required, 
may be extracted an idea leading to an experimental 
research.” Very necessary is it, therefore, for the student 
to bear in mind the caution to be careful and discrimi- 
nating in all matters involving much speculative rciason- 
ing, and in no case more than in the present can the 
advice be strongly insisted upon. 

If, in imagination, we address the query ‘‘Wliat is 
life V’ to an audience composed of the leaders of biological 
thought in our day, we should find tlie scientific world, 
so address(^d, to divide itself, according to the reply given 
to our (piestion, into two great sects or schools. On the 
one side the “ vitalists ” would be ranged, and the answer 
of tliis first school of thought would assume somewliat of 
the following cliaracter. Tiiey maintain that life or 
vitality is a sometliing- — call it a “ force ” or “ i>rinciple ” 
if wc will — entirely distinct and separate from the matter 
through which its actions are manifested. The distinct 
entity of life or vital force, therefore, constitutes the chicif 
idea in the theoiy of tliis first sect or party. 

On the other side, the scliool of the physicists ” would 
be perccuved, and to our question this second body would 
reply, that they legard life as a mere “ form of eijiergy,” 
analogous in its oi>eration and relations to the ordinary 
physical forces which operate on the world aroui^d us ; 
and in su])port of this latter view, it is maintained that 
in the substance known as “ protojdasm,” the “ b^isis,” 
or “ matter of life,” has been found the necessary mate- 
rial in which all the 2)roj)erties, and indeed the source, 
of vital action and jjower may be said to reside. Life or 
vitality, thus viewed, is merely a property of the proto- 
plasm, similarly as we ascribe ordinaiy physical prop(kties 
to inorganic and inert substances, V 

Modifications of these chief and leading ideas will plso 
be found to hold a place in the category of modern ilife- 
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theories ; but our present aim will be most readily and 
satishictorily fulfilled if we briefly examine each of these 
theories, together with the conclusions which may be de- 
duced from our considerations. 

And at the outset wc must carefully distinguish be- 
tween the significance and meaning of the terms phy- 
sical” and “vital;” since, cnuceriiing tlie use and appli- 
cation of these two words much confusion and misunder- 
standing have existed. By the term “ vital ” wc mean to 
indicate those properties or actions whic'h are inevitably 
connected with the possession of life, or which are dis- 
tinctive of living beings. And by “physical” actions, 
properties, or forces, we mean to express thos(‘ phenomena 
which are seen exemidified in inorganic bodies, or in the 
non-living matter of which the world is composed. These 
latter forces are manifested from wdthout, generally with 
distinctly appreciable eflects, and under conditions readily 
ascertainable l)y scientific imiuiry. Such forces or their 
effects, seen in gravitation, heat, light, electricity, mag- 
netism, etc., aflord examples of ascertained “ jdiysical ” 
forces. The force or princijde, on the contrary, wdiereby 
a living organism is enabled primarily to exist, and there- 
after to maintain that existence, exemplifies actions and 
phenomena wddeh may be considered as essentially dis- 
tinct from the preceding forces an<l actions, and wddeh, 
therefore, wc denominate “vital.” These definitions 
simply express the ](!ading and single significance of tlie 
terms, ajiart from their scientific or ultimate relations. 
And by thus defining them, Ave do not mean to imjdy that 
all th(5 fonres exerted in or through the living body are 
necessarily “ vital,” or that there is no (Correlation between 
the physi(^al and vital f(.)rces. These latter (considerations 
may be res(jrved for a later period in our studies ; but it 
will be f(.)und of gr(‘at assistance to the clear understand- 
ing of the subject, if the relative and primary sigidficance 
of eacli term be distinctly ])erceived and borne in mind. 

Nume.Fous defiidticms of life have from time to time 
been framed, but, as might l)e expected, these merely for- 
mal ex^n’essions are limited to the enumeration or exposition 
c 



PEINCIPLES OF ZOOLOGY. 


of the effects, rather than of the intimate cause or essen- 
tial conditions of vitality. And from the nature of the 
case, in that nothing definite or certain is known of the 
force or principle they attempt to define, mere definitions 
of life or of vital force teach us little or nothing concem- 
irig tlie exact or primary nature of life. Indeed, several 
of the definitions have long ago, and on grounds we shall 
presently notice, been disallowed as incorrect. 

Bedard, for example, defines life as “ organisation in 
action.” Dugcs tells us that life is the ^^si>ecial activity 
of organised bodies.” Carpenter defines life as ^^the 
state of action peculiar to an organised body or organism.” 
Bichat maintains that life is “ the sum total of the forces 
which resist death.” Treviranus held that “ life is the 
constant uniformity of phenomena, with diversity of ex- 
ternal influences.” Lawrence informs us, that life consists 

in the assemblage of all the functions or purposes of 
organised bodies, and in the general result of their exer- 
cise ; ” whilst, lastly, we may add the j)hilosop]ii(?al defini- 
tion of Spencer, who reduces his ideas of vital action to 
the statement, that life is ‘‘ the continuous adjustment 
of internal relations to external relations.” 

These (hifinitions, as a whole, therefore deal with the 
effects of vitality rather than with vitality itself. Such 
a result will, doubth^ss, be considered as inevitable in the 
present state of our knowledge ; but we cannot avoid the 
fact that the knowledge we do possess does not warrant 
us in attempting to define, or, wliat is much the same 
thing, to limit, our ideas of the vital principle. 

The first three definitions are rendered useless by the 
consideration, that they involve the idea of Qrganuation 
as being indissolubly connected with life, or even as being 
the cna.sy; of life. We shall hereafter have occasion to 
notice tliat exactly the opposite of this latter assertion is 
true, — organisation being a result ^ and not* a cause, of 
life. 

Leaving mere definitions, then, as of little or no* assist- 
ance in framing a strict, or even abstract, idea of the 
nature of life, we may next turn our attention to the 
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facts upon which the respective theories of vital force 
are built up. Both hypotheses start with the full recog- 
nition of the difterenccs which separate the organic from 
the inorganic world. They disagree only as to the nature 
of the cause from which these ditferences take origdn ; 
that cause, in the opinion of the vitalist, residing in a 
force or princiide possessing a distinct entity from matter, 
and, in the opinion of the physicist, consisting in a 
peculiar exhibition of physical foi ce,- a form of energy, 
differing only in degree and dircidion from other forms 
of energy atlecting ordinaiy iiiorganiii material. 

Our first inquiry may a])propriately he directed to 
the investigation of those conditions whicli appear more 
or less essential to the exhibition of vitality. Modern 
research has demonstrated tliat a (;ommon medium or 
substance exists, through whicli the jihenouiena of life 
are invariably exhibited. This basis,” or ‘^matter 
of life,” is therefore common to living organisms of 
every grade and kind. Q'lie highest plant or animal has 
thus a community of substance and relationship with the 
lowest plant or animal, in respect of this common material 
of which the bodies of both ai'e composed. They differ 
from eadi other only in the degree to which develop- 
ment has carried out the ulterior processes of organisa- 
tion, and formation of organs and parts. 

The recognition of this “ basis,” or universal ‘‘ matter 
of life,” naturally simplified, and at the same time gave 
a definite starting-point, for further invest igati(»n. And 
the chief dilfere.ncc of opinion among modern theories of 
the nature of vitality, relates as to whether this basis or 
matter of life is to l)e considered the essential caiisi; and 
origin, or merely as the result and medium for the exhibi- 
tion of vital force. 

It is, however, but fair to state, that some bioh.gists 
are by no means disposed to agree with the statenumt of 
the universal nature claimed for the substance we have 
alluded to as the “basis” or “matter of life.” Ami in 
this latter view it is maintained, that the “ life-basis ” is 
itself preceded by simpler forms of the living material, or 
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that it is by no means of uniform and universal character 
throughout the organic series. Still, practically, the 
greater weight of authority is in favour of the recog- 
nition of this common life-basis ; and if we regard the 
term matter of life as including allied and nearly- 
related forms of living matter in its primary state, we 
may dis])ose of or modify these objections so as not 
essentially to interfere with the argument about to be 
stated. 

A stH^ond consideration of importance lies in the fact 
tliat vitality very generally appears to require, as condi- 
tions for its manifestation, the presence of liglit, of air, 
of a certain temperature, of water, and in most cases, 
though not in all, of a greater or less degree of organ- 
isation. 

Of these two great classes of conditions for the exhi- 
bition and maintenance of vitality, the first, (Consisting in 
the presence of a lifi ‘-basis,” may very pro]>erly be 
termed an indixpoimh/a condition ; and those just eiiu- 
inerated under the second Jiead may bo termed suhddiary 
conditions, inasmnc'h as, most, if not all, of these latter 
conditions may, in certain casccs, be dispensed with or be 
absent, and yet life or ^ itality be manifested as if they 
were present. »Such instances, however, arc of an excep- 
tional kind. 

The iwesence of a life-basis, or waferiea consti- 

tuti^s therefore the iiidis])ensable condition for the exhibi- 
tion of vital phenomena. This basis is found in the sub- 
stance, now well kimwn under the various names of 
“ sarcude,” jn’otojdasni,” or ^'bioplasm,” — the last of 
these jiaincs being that Avhifch is most in accordance with 
strict sci(mtific recpii remen ts. This matter of life is pre- 
sent wherever life or vitality is seen. It constitutes the 
primary or idtimate tissue or substance of which the 
bodies of living beings, without exception, arc composed ; 
its sim])l(i and primitive state, as already remarked, 
being witness(cd in the lower fibrins of life, whilst, by a 
subseqiumt proccess of elaboration and deveh^pment, the 
com];)licated structure of the higher organism is evolved 
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from tliis primary material. Tims the germ of the lowest 
plant or animal, and tlie germ of the liighest organism 
of either series, arc primarily and essentially the same, 
in respect of the protoplasm of which each is composed ; 
and the diliereiices which, in the after-history of either 
organism, are to he perceived, thus dt'pcnd on the mould, 
and on the causes which determine the conformation of 
the mould, and not on the common clay or material from 
wliich both arc cast. 

Tlie chemist has told us very succinctly the chemical 
relations of this “ protophxsm.’^ Its nature, briefly 
stated, is that of an albuminous substance, analogous to 
the albuminoid matter we familiarly see in white of egg. 
It belongs to a group of substances to which the term 
“ proteiiie ” compounds has been applied, and of this 
group the bioplasm ” or ‘‘ life-basis ” constitutes the 
typical exami)le, around which the other forms of albumi- 
nous matter arc classed and arranged. The exaih com- 
position of this protoidasmic material has formed subject- 
matter for con.si<lerable discussion; the so-called “ protcine” 
compounds of Mulder being held to consist of an ele- 
mentary substance known as “ proteine,” in combination 
with phosphorus and sulphur. There can, however, be 
little doubt that tlie typical form of protojilasmic material 
essentially consists of the four elements, carbon, hydrogen, 
oxygen, and nitrog(ui, united together in veiy higli com- 
bining proportions, and after a very complicated 1‘ashion. 
And any further information as to the clicmico-physical 
properties or relations of protoplasm,’' may be summed 
up by stating, that the “ proteine ” compounds coagulate 
at a teiniierature of from 40° to 50° Centigrade, and that 
if electrical currents be sent through a protoplasmic mass, 
it very generally and at once contracts under tliis latter 
influence. 

Protoplasm, after a merely superficial consideration of 
its relations, stands primarily to living beings ?is a 
conductor does to the electric fluid, or as air is related to 
the sounds it conveys. Life appears to require for its 
exhibition and manifestation this albuminous com])ound, 
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just as electricity or sound require conduction for their 
due manifestation. Whether or not the relation just 
indicated has a deeper meaning than a merely meta- 
phorical one, will form the subject of after considerations. 

Lastly, w’e must bear in mind the fact already insisted 
upon, that the term protoplasm ” is fjmerk in its 
significance, that is, it must be viewed as including 
diftcrent hinds of albuminous matter, con(;erning the 
identity of which with the typical matb^r known as 
protoplasm, chemists and physicists arc by no means 
agi’eed. And if to these considerations we add the fact, 
that in many instances certain forms of mineral matter, 
as well as other substances of alien kind, may be found 
associated apparently in tlie most fixcid and intimate 
manner with tlio bioplastic material, we shall have com- 
pleted all that need be said with regard to the first and 
indispensable condition for the manifestation of life or 
vital force. 

It is thus of the highest importance to gain a correct 
idc^a of the nature of this protoplasmic life-basis, since the 
chief points of controversy in the contest between the 
life-tlicorics of the present day, may safely be said to rest 
uijon the relative interpretation of the relations which 
exist between tlie protoplasm and the vital phenomena 
it exliibits. IJoth vitalist and physicist may be held as 
agreeing in tlie universal nature of this “matter of life 
but they difier widely in their respective interpretation 
of the relation which protojdasm bears to vital force, or 
at least to the phenomena known to be perceptible in, and 
peculiar to living material. In the case of the vitalist 
this protoplasm is held to be merely the medium for the 
exhibition and manifestation of an tmtircly independent 
force, to wliich tlie name of “ vital ” force is applied ; 
whilst in the physicist’s view, the protoplasm of itself, 
and in virtue of physico-chemical j)roi)erties and laws, 
originates the j)lienomena wliich he considers we wrongly 
denominate as “ vital ” — ^that is, as being dependent upon 
the assumption of a new, special, and independent force 
or principle. 
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- As the chief facts and features of the pliysicist’s theory 
have been succinctly stated by Professor Huxley in his 
address on the “ Physical Basis of Life,” the arguments 
for or against the purely physical nature of vital pheno- 
mena have generally been delivered in support of or 
against tlie views expressed in the paper just referred to. 
And a primary idea in the line of n^asoiiiiig adopted by 
the physicist, consists in tlie assumption that because 
this protojdasm or universal matter of life is composed of 
carbonic acid, water, and ammonia — or more ultimately 
of carl:)on, hydrogen, oxygen, and nitrogen — these elements 
may, in logical sequence, be considered as giving origin 
to the phenomena of vitality which that protoplasm 
manifests. Life or vital action is thus assumed to arise 
from the union or combination of the protoplasmic 
elements. Or to use Huxley’s own wonls, ‘‘carbon, 
hydrogen, oxygen, and nitrogen, arc all lifeless bodies. 
Of tlicse, carbon and oxygen unite in certain proportions, 
and under certain conditions, to give rise to carbonic acid : 
hydrogen and oxygen produce water : nitrogen and hydro- 
gen give rise to ammonia. These new compounds, like the 
elementary bodies of whicli they are composed, arc life- 
less. But wdien they arc brought togetlier, under certain 
conditions they give rise to the still more complex body, 
protoplasm, and this protoplasm exhibits tlm phenomena 
of life.” 

Then we are furnished with a furtlier and analogical 
example of this synthesis or building up of protoidasmic or 
living material. Hydrogen and oxygen unite in certain 
proportions to form water, and water exhibits many inte- 
resting and peculiar properties both in a liquid and in a 
solid state. “ We call these,” says Huxley, “ and many 
other strange jdienomena. the properties of the water, and 
we do not Injsitate to believe that, in some way or another, 
they result from the properties of the component elements 
of the water. We do not assume that a something (\dled 
‘aquosity’ entered into and took possession of the oxide 
of hydrogen as soon as it was formed, and then guided 
the aqueous particles to their places in the facets of the 
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crystal, or amongst the leaflets of the hoar-frost 

What justification is there, then, for the assumption of 
the existence in the living matter of a something wliich has 
no representative, or correlative, in the not living matter 
which gave rise to it ? What better pliilosopliical status 
has ‘ vitality’ tlian ‘ aquosity V ” 

These sentences, quoted from Huxley’s address, will 
serve to convey, at once simply and shortly, tlic Icadbig 
ideas in the physicist’s theory of the nature and origin 
of vital action and plieiiomeiia. Life, according to the 
physicist, can thus arise de novo. He would exq)ect the 
exhibition of vital plienomeiia to follow the combination 
of carbon, hydrogen, oxygen, and niti‘ogen, just as surely 
as water results from the union of hydrogen wdth oxygen. 
And we have therefore no more right, accoj*ding to 
the line of reasoning thus laid down, to say that any 
principle, termed “ vitality ” or “ vital force,” influences 
the matter of life, than we have to assert that something, 
which might similarly be termed “ a(piosity,” entered the 
water, and directed its particles to form, it may bo, an ice- 
crystal, or the delicate tracery imitative of vcg('tation wdiich 
ap])cars on our windo^vs during the winter season. Such 
a theory is purely physical ” in every sense of the term. 
Life thus reduced, is viewed simply as a property of its 
basis or mat('rial, and exists or api)cars in virtue of 
chemico-physical a(dions or laws. In other wmrds, vitality 
is a mere ri'sidt, inevitable or incidental to the forma- 
tion of protoplasm. 

If such be the physicist’s views of the nature and origin 
of vital action, let us now attend shortly to the theory 
and views of his opponent, the vitalist. Is the instance 
and comparison of “vitality” wflth the presumed “ aquo- 
sity ” a strictly j)arallel one, and, if not, in what does 
the misconception lie ^ Or, lastly, and in connection with 
the preceding points, is the vitalist fully or at all justified 
in asserting that protoplasm is the cause pf vitality ; and 
is not protoplasm merely a condifio u~mvarhihh and in- 
dispensable, it may be, but still merely a condition — 
under w^hich vitality is manifested 1 If these points be 
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susceptible of proof from the vitalist's side, it is thus 
possible that the i^iysicist has been confusing cause with 
effect, and, as a result, involving himself in much mis- 
conception and error. 

So far, the point at issue concerns the view which is to 
be taken of the coimoction bol ween life and its basis ; and 
hence the vitalist denies that protoplasm existt? as the 
caufie of vitality, and views the liie-basis as merely an 
indisjiensable condition or medium for the exhibition of 
vital force. He thus assiuiK^s the existein^e of a jn’inciple 
— tlie vital force — wliich the i)liysicist t»)tally ignores. 
The combination of elements to form protoplasm, on the 
part of the jdiysicist, neitlier necessitates ]ior demands 
any new or independent priiuaide ; wliich latter, liowever, 
the vitalist maintains and upholds as the chief standpoint 
of his theory. 

Thus the vitalist observes and knows that the body of 
the lower animal or plant is composed simply and entirely 
of a minute speck or p<a.rticlc of structureless, unorganised 
protoplasm ; and, despite this barren sim})licity of struc- 
ture, it lives, moves, nourishes, rt‘[)rodu(M‘.s itself, and, in 
short, jierforms all the functions of life as perfectly in its 
way as the highest organism. We have already seen 
that, in virtue of the life it p()sscsses, it differs very materi- 
ally from the inorganic things by which it is surroimded. 
And as it differs of itsidf from unorganised or lifeless 
objects, so also it differs from them in respect of the laws 
and conditions to which it is subject. It is in itself the 
seat of actions very different from the physical or chemical 
actions which affe(;t inorganic matter from without ; and 
we heve no warrant for the assum]>tion that any C(mibi- 
nation y.i purely chemical or physical forces coidd inaugu- 
rate, ])roduce, or maiutaiii, the series of phenomena we see 
exhibited in the humblest organism as a direct residt of 
the possession of vitality or life. 

No physicist has yet been able to produce any such 
combination of physical actions, nor even to liopc for such 
a result, and, in the face of this fact, the term “ vital ” 
must be properly retained, with all the significance wliich 
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we are accustomed to regard as associated with it. The 
term “ vital ” tlius stauds expressive and indica,tive 
of a series of actions which fall witliout the houndaries of 
chemical or physical sciem^e, just as they exist independ- 
ently of pliysico-chemical nomenclature. 

But, apart from considerations respecting the nature of 
vital plieuomeiia, the question of cause and result, or of 
the relations in point of time, between vitality and proto- 
phism, aff(:)rds subject-matter for argument against the 
I)hysicist’s views. We cannot tell at wdiat period in the 
history of the protoplasmic germ or animalcule it becomes 
possessed of life, or is “ vitalised.” Certain it is, that 
protoplasm becomes possessed of life only through the 
medium or influence of pre-existent life ; and the question 
as to whether the basis or its vitality has precedence, may 
be debated in favour of the vitalist's views. Or, to place 
tlie question in its widest ]>hase, we may most safely, and 
with least fear of being controverted, assume that vitality, 
self-originated or ac(iuired, in all likelihood precedes the 
mass it invests ; and in this view we regard the vital 
force? as standing to protoplasm in the relation of a cause 
and not of a result. 

It is also worthy of remark, that much confusion has 
arisen in discussions respecting the present subject, from 
the variable and widely-diflerent senses in which the mere 
term “ protoplasm ” has been used. In many instances, 
no distinction is drawn between living protoplasm and 
dead protoidasin ; and, as may nwlily be (jonceived, endless 
misconception has aris(?n from this careless and unspecific 
use of the term. To argue of inert, dead, or non-living 
albuminous material, as of living protoplasm, involves a 
very transparent, but at tin? same time a very serious, 
absurdity. 

We may conceive it possible that the chemist in his 
laboratory might build up for us, by the exerense of his 
synthetical art, a i>rotop]asmic compound ; just, indeed, 
as Huxley tells us, that when the requisite compounds 
of carbon, hydrogen, oxygen, and nitrogen, are brought 
together, ‘‘ they give rise to the still more complex body, 
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protoplasm, and this protoplasm exhibits the phenomena 
of life.’’ When brought together,” the compounds of 
these four elements might, and probably would, produce 
protoplasm ; but are we justified in assuming that living 
protoplasm would result from the artificial combination 1 
It can be said, neither in the order of logic nor in the 
sequence of natural and reasonable phenomena, that the 
protoplasm of the laboratoiy should l)e living protoplasm, 
or that it sliould exhibit the simplest vital phenomena 
whatever. And in thus glossing over the changes and 
actions, be they simple or intricate, whicli are necessary 
to convert the dead albuminous matter into living j)roto- 
plasni, tlie pliysicist takes an illogical leap over a wide 
gulf, at whicli a consideration of the sequence thus de- 
scribed compels us to draw rein. Tliere is a very signi- 
ficant break in the order so narrated ; and this break 
intervenes between the artifudal formation of the dead 
protoplasm, and the exhibition by such artificially-formed 
material of truly vital ” phenomena. 

Thus, tnen, the constructive art of the chemist might 
bring together the elements of protojdasm, but he would 
reach the utmost limit of his power with the manufacture 
of a dead and inert compound. We still require a some- 
thing more to make the inert material exhibit the com- 
plicated phenomena, which, even in the microscopic germ 
or animalcule, are to l)c perceived, and which are thus 
characteristic of the truly living organism. This some- 
thing ” the vitalist holds is the “ vital principle ” or 
‘‘ vital force a term often questioned as to its status or 
right of admissioji into scientific terminology, but which 
the physicist is not entitled to expunge, and for which ho 
is unable to provide a due, equivalent, or sufficient sub- 
stitute. 

But further, the consideration, that in our researches 
we iK^uir meet with an instance capable of demonstration, 
of lifeless matter s])riiiging of itself into living material, 
affords an argument of some weight in favour of tlic 
theory of the existence of a ‘‘vital force.” The dead 
protojdasm is always dead to us, and the conversion of 
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such lifeless material into living tissue can only be accom- 
plished by the agency of an organism already living or 
vital. Pre-existent vitality is thus th(i sole and only 
source of vital activity and impulse, and our inability to 
explain the conditions under which vital force is thus 
transmitted does not invalidate the assuin])tion of its 
existence. And granting, for the sake of argument, that 
it were possible to reach back through the ages of the 
past to those primitive genns or atoms, fi'om which, 
a(?cording to the ideas of the evolutionist, all subscfiuent 
forms of life have been developed, the same question of 
antecedent vitality would await our consideration of these 
supposed primeval j)rotoi)lasmic germs. It would be 
impossible, even in dealing with bodies of so ])rimitive 
.and simple a nature, to decide the question of the origin 
and of the circumstances of that origin, relatively to the 
period at which vitality manifested itself in tlieir history. 

To quote the words of M. Dumas from his Faraday 
eulogium : — “ This subject remains what it was — inacces- 
sible, closed. Lif(' is still the (jontinuation of life ; its 
origin is hidden I'rom us as well as its end. We have 
never witnessed the beginning of life ; we have never seen 
how it terminates. 

Every oiganised being is born of a germ ; every plant 
from a s(!ed ; 0A'(‘r}^ animal from an egg. Tlie physiologist 
has never seen the birth of a cell, excepting by the inter- 
vention, or as the produce of a mothcr-cvll. 

Tin? chemist ho^s never nuinuhxctured anything which, 
near or distant, was susceptible even of the api>earancc of 
life. Everything he has made in his laboratory belongs 
to ^ brut ’ matter ; as soon as he approaches life and 
organisation h(^ is disarmed.’' 

The parallelism between the syiitlieticid formation of 
water, by bringing oxygen and hydrogen in certain pro- 
portions togetlier, and the relations of pi’otoidasm to 
vitality, is not a strict parallelism, if indeed it can be 
considered a parallelism at all. In the production of 
water after this fashion, we do not assume tlui existence 
or need of any now force. The hydrogen combines with 
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the oxygen to form water, in virtue of the ascertained 
laws of chemical affinitjx But with the protoplasm, and 
its composition and formation, the case is widely altered, 
and possesses little or nothing in common witli the pro- 
duction of water. We may manufacture our protoplasm, 
just as ’wc may manufacture water. But we cannot 
explain hoio that protoplasm may hecome disj)os(‘d to 
exhibit vital i)hononiena ; nor ca)) we account f(^r or 
trace the origin of those ]»henomcna, although we can 
with certainty and precision explain, l)y aid of i)hysics, 
the conditions under which an ice-crystal may bo formed, 
or an imitation forest produced upon our w indow-panes 
by the hoar-frost. We thus require and demand the 
existence of a ]iew and independent force to make the 
inert protoplasm fc, in the sense that even the lowest 
organism lives. Hence the term ‘‘ vitality ” cannot be 
set aside as an un philosophical and iii(*nrrect exi)ression. 
“ Vitality,’’ in this view, has a ‘‘ philosophical status,” 
whilst “ aipiosity ” has no status at all. 

Lastly, and by way of a final and useful thought, in 
judging of matters so intimately involving the distiiu;- 
tions b(‘tween the known and “ unknowable,” we should 
bear in mind the fact, that even had we no idea of the 
relations of protojilasm, or liad we, in point of fact, no 
proto])lasm at all, the presumiition of the existence of a 
vital force ” in living lieings would not be less(?n(‘d or 
affected by such a consideration. The limits and rela- 
tions of the most common forces and actions, in so marter- 
of-fa('t a study as tluit of physics, an; not always demon- 
strable. We do not now doubt the existence of an 
electrical force or a magnetic force 3 yet, but a f(‘w years 
ago, ordinary speculation as to the relations which these 
forces are now ascertaiiu'd to possess with the external 
world would have been condemned, or at any rate have 
been subjected to criticism of a very searching kind. 
Yet we ennnot maintain that the relations of electricity 
or of magnetism were the less real because of our former 
inability to measure or estimate them. 

Or, fiirtlua*, if wc had had no telescopes to investigate 
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the relations of the planets, and especially of the more 
obscure heavenly bodies, these relations, or the mere exist- 
ence of these bodies for that matter of it, would not, on 
account of our ignorance, have been the less real. And 
so is it with vital force.” Because we cannot demon- 
strate its nature, origin, or actual relations, we are not 
entitled on that account to assume its non-existence. 
Just as ph3^sical forces and actions operate independently 
of our means for observing them, so vital force may be, 
and undoubtedly is, exercised, and operates, undcu’ condi- 
tions which we are unable to limit or determiiK'. As 
every fact or circumstance is not at first or necessarily 
explicable, so also the conditions on which the circum- 
stance depends may be insusceptible of explanation ; yet 
it would be obviously irrational to question the fact be- 
cause the exj Variation was not forthcoming. And in the 
case of the argument against the existence of a “ vital 
force,” a great amount of comment has been made on the 
alleged absurdity of assuming the existence of a principle, 
the conditions of which wc cannot determine, and the 
relations of which we are unable to define. Let proto- 
plasm as a life-basis and as a medium for the manifestation 
of vital phenomena lx; even removed, and vital force will 
still exist ; just, indeed, as surely as ordinary physical 
forces would continue, without the media for their active 
conduction or exhibition. 

Such may be regarded as a brief stat(;raent of the lead- 
ing ideas in the respective theories which, in the present 
day, occupy the biological mind witli reference to the 
nature and origin of the wondrous cycle of phenomena 
and actions, we collectively designate under the term 
“ vitality,” or life.” And although neither hypothesis 
can lay claim to having satisfiictorily explained the entire 
circumstances and surroundings of this great biological 
problem, the vitalist ” theory appears to be that most 
worthy of support and belief. There is doubtless much 
that is inexplicable involved in the idea of a vital force,” 
but the assertion that the use of such a term is a mere 
cloak to our ignorance, does not bear weight when we 
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consider that other and professedly more rational hypo- 
theses leave ns as ignorant of the origin or nature of 
vital phenomena as before. If the theory of tlie vitalist 
bo one insusceptible of demonstration, the hypothesis of 
the physicist, in spite of its matter-of-fact tendencies, 
tells us nothing new, since its explanation is insuiheient 
to account for the cause and nature of even the simplest 
of vital actions. 

Whilst thus giving coimtenan(‘e to the vitalist belief, 
wc by no means wish to assert that the labours of the 
physicist have been of no avail or advantage'. On the 
contrary, we cannot but feel deeply imbued with the 
belief, that to the labours of workers in this se.hool of 
biological thought wc owe many and great advances, 
whicli of late years have been made in investigations into 
subjects bearing intimately upon the (question we have 
been discussing. Tims, through the eftbrts of vitalists 
and physicists in their researches into the intimate 
structure of the lower forms of life, we liave been led to 
recognise the universality of protoplasm and allied 
substances, and from facts and information thus obtained 
we liavc been enabled to make wide generalisations, of great 
and usefid import in the study of the lifc-scienccs at large. 

And chiefly through labours of this kind we have 
added largely to our stores of kiiowh^lge respecting the 
conditions of life in the lowest organisms. Thus, seeing 
this matter of life hi its simide jelly-like state, giving 
origin in one case to the curious fabric of a sponge, or in 
another case building up the beauteous and complicated 
shell of a chalk animalcule ; observing it taking upon 
its apparently simple self the onerous duties which are 
subserved. by all the organs and tissues of the higher 
organism ; watching it thus constituting, se^ a living 
being, able perfectly to nourish itself, reproduce itself, and 
to maintain all the relations which ordinarily exist 
between the living organism and the sphere it inhabits — 
observing these multifarious duties devolving upon, and 
performed by a medium so simple and stnictureless, we 
may well stand amazed at, and puzzled to account for. 
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the origin and exliiliition of such wondrously comidieated 
powers. 

Wliilst thus we are forced to a<linit our igin^rancc of 
the origin of such plienoinena, we yet find in the theory 
of a “vital force” possessing an entity distinct from 
matter, as satisfactory a liypothesis as in tlie ])resent 
order of things we are entitled to exi)e(*t or belic've. 
Wliat life in its essential ])art is, we therefore do not 
know, nor may we with assurance predict that the 
higher knowledge of the future will render the iivobleni 
of living and being any the less mysterious or inexjdi- 
cable. We can make no limitation to scientific iinpiiry. 
We cannot wish to bind or curb the teudemy of that 
freedom and energy of thought which has already ac- 
complished so much for the good of mankind at large. 
But, at the same time, w^e cannot understand how we 
shall readily arrive at a knowlediic of vhat ai)pears to be 
within the confines of the uidaiowable, and of what, from 
its V(‘ry nature, must fall Inyond our utmost ken. 

In concluding tlie considerations relating to the nature 
of life and vitality, we have to notic(', veiy brief!}", the 
second s('t (»f conditions which we hav(‘ aln^ady obsm’vcMl to 
be more or less essential to vital manifestation. The 
Iiresence of ])roto])lasm, or of a distinct “ life-liasi',,” forms, 
as w(‘ have seen, the liist and indisjiensable condition for 
vitality. The second set of <*onditions, to which we may 
noAV direct attention, arc termed ^ubsidun if conditions, 
since ])art or all of these latftT may l)c su])j)ress(Ml, ami 
yet ^itality be perfectly exhibited and maintained in 
their absence. Kegarding tin* merits and i)lac(' of most of 
thes(^ subsidiary conditions, biologists are \ery geiKTally 
agreed, although mucli }et remains To be ascertained re- 
garding the various and modifying circumstances which 
atiect the stability of these latter conditions of life. 

The jiresence of a ercater or less d(*gre(‘ of OnjinnsaiioUj 
may ajiprojiriately form the first consideration to which 
attention may be directed. The relations of organisation 
to vitality have been, and indeed still are, subji'ct to 
much niisconce])tiou. We have already noticed that not 
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a few definitions of life hinge upon the recognition of 
organisation as a cause of life. Such expressions as “ the 
special activity of organised bodies,” and “organisation 
in action,” assert a belief in the constant and invariable 
presence of organised structures, tissues, or jjarts, as 
necessary for, and indeed as a cause of, the manifestation 
of vital a(^tion. 

By organisation wc mean — as indet'd the mere signifi- 
cance of the term would im})],v — the possestsion by a living 
being of (h^finito structural parts or organs, bearing 
distiiK't and fixiMl relations to eaeli other. ]\lost animals 
and plants are “ organised ” in tliis sense of the word, 
but at the same time it is to be borne in mind, that 
tliere are very many lower forms in both kingdoms, which, 
if tlie al)ove definitions of life were iieid as true, would 
fall witlioiit tlie pale of the organic or living series. In 
other words, we Jiave animals and plants existing and 
living, witliout being in tJie least degrc'e organised. 

Tlie Aina:h(t (Fig. 1, a /i), found in stagnant water, or 
any one of the Foraminijem or tlieir allies (Fig. 2, ah r), 


1. Rhizoj-oda. 

«, Amu'h(f rniJinm, slidwiTitx roiil rjirtilc vnsir*lfs, nucleus, and 

f((n(l-v;icMol(,‘s ; b, Aum-ha difflnens in varioUH stages (if contraction. 

ghxemplify animal forms iiiAvhich few or no traces of organi- 
5at5P^^ are to bc^ perceived. These organisms are closely re- 
iateiT other, the bodies of both consisting of minute 

iias^^ of granidar sarcode or protoplasm, which to all 
ntenff purposes is void of any definite structure, and 
destitute of anything meriting the name of 

T) 
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organisation. Yet each little particle of sarcode consti- 
tutes a perfect being. It lives, moves, grows, and repro- 
duces itself, and, as in the case of the Fommmifera (Fig. 
2), may even manufacture shells of exquisite beauty and 
design. 

Hence tlie immeasurable difference and distinction 
between tlie broad comparison of a piece of mechanism, 
such as a watcdi, and a living being or organism. Tlie 
various jiarts or organs” of the watcli p()ss(‘ss each a 
distinct relation to one another; just, indeed, as tlie 
organs of the higher animal or jdant exist in definite 
combination to perform all the functions of lif(‘.. But if 
we extend the comparison to include all animals and 
plants, the parallelism between the medianical and the 
vital organisation at once fails. In the humble, structure- 
less animalcule, the functions of life arc carried on with- 
out any distim'tive organs or jiarts to pevfoi*m th(‘, work. 
The essential feature of the watch — com]ilcx me(^hanism — 
is exactly what is wanting in the Anui bamd allied forms. 

A disr(‘gard of this consideration has therefore rcsidted 
in the pushing of the common analogy between animals 
and pieces of mechanism a degree too far ; one consequence 
of this disregard being the institution of the dogma that 
life is dejieiuhmt on organisation. The rcv(;rse, therefore, 
is really the ease;. The living body is organised because 
it lives; ’but, at the same time, it may exist and live 
■without exhibiting the faintest traces of organisation. 
Organisation, where it occurs, is merely a result and not a 
cause of life. 

The presence of Air is generally regarded as a very 
constant subsidiaiy condition for vital activity. Perhaps 
this fact w’ould be more correctly stilted by asserting that 
certain [jases appear necessary and generally essential to 
the maintenance or exhibition of vital action. Oxyg 
gas is thus regarded as needful for the due maintenc 
of animal (ixistence, whilst carbonic acid gas is essej 
to the life of the plant. Certain exceptions to 
general rules occur in the case of many of the lower ^ 
bers of both kingdoms ; some of the lower plants ^ 
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capable of existing in an atmosphere of oxygen, whilst 
some Protozoan forms appear to flourish amid carbonic 
acid gas. These latter facts will, however, be more fully 
and approiniately noticed when we consider the relations 
of the animal and i)lant worlds. 

A certain degree of I'cmperafurc is also looked upon as 
usually necessary for the luainteiiauce and exhibition of 
vitality ; but tliroughout botli animal and plant kingdoms 
the variations i i the degice of heat and (a)Id suited to 
the existence of the contaimal organisms are so numerous 
and marked, that it is almost impossible to pronounce 



a, Lagciin atriafix, .-i nioiKiflialaiuouH f)r .sirifj 
PvluatomdUx. crUpix, with jtscudojMxlia <■ 

ai)C!rtufes in the sh(.:ll ; c, radveyrtiit Srhomhmujkii, a liadinlarian form. 


definitely on this head. The limits of ordinary vitality 
are saitl to exist between freezing point and about ISC’ 
Fahrenheit ; but we are well aware that a tomperaturt; 
far below the former, and also much above the latter, 
does not necessarily or at all interfere with the develop- 
ment of life ill lower organisms. 

The effect of Litjlit in the manifestation of vitality is to 
be regarded as of considerable importanijc, although, like 
the preceding condition, it does not appear to be absolutely 
or invariably necessary that the living organism should be 
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exposed to its influence. As regards tlie plant creation, 
light is certainly the great agent by which the subtle 
chemistry of vegetation, to be afterwards noticed, is set 
in oi)cration and carried on ; but we have also to b(‘ar in 
mind tliat, as before, the lower groups of plants and ani- 
mals present instances of exceptions to tliis ] iile. Not a 
few animals occupying a liigh place in the cr(‘,atcd scale 
live and grow in the dark ; these cases, however, gener- 
ally exhibiting that want of colour, and other al;)norma] 
or unusual conditions, which a])pcar to result from non- 
cxi>osure to the influence of suidight. 

TJie Fontmitrifera and their allies (Fig. 2), forming 
vast fields of life in the greatest de])tl]s of the sea, are 
placed in the i)Osition of animals fiir removed from the 
influenc(‘S of tlie solar beam ; and amongst the latest 
dis(‘overies which deep-sea dredging expeditions have 
brouglit to light are (Trtain higher forms of animal life, 
providi'd with (\yes of tlie ordinary tyiu^ of strin'-ture, and 
which would seem to pass their lives in an altogether 
abnormal state. This subject will l>e hen^after referreui 
to, but the (‘iitire (piestiou is oiu^ of considi'rablc dilliculty 
and compli(\ntion. 

In Water we find an intrinsic and intimatelj^-associated 
condition for vitality. Water enters into the conii)Osition 
of every living organism ; a fact not strange or new to 
us when we recollect the composition of protoplasm itself. 
Accordingly, wherever we find the ‘‘matter of life,” we 
have a certain pro|)ortion of water i)resent as a comi)oncnt 
and constant part of the protoidasm. 

Viewed apart from tliis consideration, howTTer, we 
generally find that water bears a close and most imjjortant 
relation to tin* vital processes, and, as a consccpience, to 
the mere exhibition of vitality also. Y^et, as before, 
vitality may exist without the presence of Avatcr, although, 
as will be jn-esentlj’’ exjdained, the (jonditious of such 
vitality are of an abnormal and unusual kind. 

The consideration of life- theories, and of the concomi- 
tant ({iKistions whi(;h are naturally related to such a sub- 
ject, would be incomidetc if we did not notice the use 
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and significance of the term “ death,’* and also the occur- 
rence of certain conditions included under the general 
term of altered ” vitality. 

By the ‘‘ death ” of an organism, we mean tlie cessa- 
tion of vital activity, and the consequent suspension of the 
processes and actions which tlie living body, in virtue of 
its vitality, evinces and oxhilnts. A period this, in its 
existence, mai^ked by its surrender to those physical and 
chemical forces, whicli the possession of vitality enabled 
it to avail itself of or to resist. Tlie dead protoidasm, 
that is, protoplasm minm vital force, is tl'iis subject to 
the same actions that iifiect ordinary inorganic or non- 
living material. The living protoplasm, in virtue of its 
life, is lift(;d, as it were, above inorganised matter, and 
endowed with all tiiose characteristics which we have 
observed to mark the presence of vitality. 

The term “altered” or “potential” vitality refers to 
certain conditions, under whicli the active exhibition of 
vital force may, for a longer or shorter period, be sus- 
pended. Tliis condition is typically seen in the S(‘,eds of 
plants, wliich may be kept for centuries in a diy and 
parched condition, and wliich, on being placcnl intlic soil, 
at once revive and give origin to their usual forms of 
plant structure. The vitality in such a case is through- 
out inherent in the seed, and appears to be in a condition 
analogous to that seen in a half-drowned iicrson, whose 
animation or vitality is said to be “ sus])eiuled.” Such 
vitality, therefore, we terjii “dormant,” “iiotential,” or 
“altered,” and numerous examples of this cojidition occur 
in both the animal and vegetable worlds. 

The itotifera or “ wheel animalcules ” (Fig. 3, A B), 
tiny and microscopic inhabitants of all our pools, may lie 
dried up or desiccated from the water by the lieat of the 
sun, and be blown about by the wind as mere dust-sp(;cks. 
In this mummified condition they may exist even for 
years, yet u])on the addition of a little moisture they 
resume all the functions of life with renewed vigour. 

And such a statement is to be regarded as the more 
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wondrous, when we consider that the Eotifrm are crea- 
tures of very complicated organisation (Fig. 3). 



Fig. 3. Rotifeua. 

A, Stcfihanocrros Fio/iorHi/' (grr.iily inngnifiod) : a, pharynx; h, gizzard; 
c, stoiiiacli : (J, ovary; r, Cot*!; /, tentacles. R, Aiiatoiuy of Jludatina 
senta (female) (magiufied): a, cilia; I, ciliated discs; c, ninschis of 
jaws : (1, jiervous ganglia ; e, gnli(d ; /, salivary glaml ; g, stomach ; 
?t, ovaiy ; /.*, anna ; /, vascular system ; vi, terminal npi>endag(!8. 

We mihst, Iiowcvor, carefully dlstiujO^iLsli between the 
terms “revive’’ and “revitalise.” Much confusion has 
existed from the indiscrimiTiate use of these tenns, and a 
clear idea of their tnie meaning and significance cannot 
be better conveyed than by the Avords of Dr. Lionel 
Beale, wlio says — “To roAuve and revitalise are two 
very difterent things. That Avhicb is not dead may be 
revived, but a tiling that is dead cannot be revitalised. 
The animalcule that can be revmid has never been dead. 
The half-drowned man who roAuves has never died. The 
difterence betAveen the living state and the dead state is 
absolute, not relative. The matter from Avhicli life has 
once departed cannot be made to live again.” 




CHAPTER III. 


Distinctioiis hotween tho Animal :iml riant scries — Dlllicult nature 
of the iSubjcct — “ Ke|jjmiin Proti.sticuni ” — (Avniparison of Ani- 
mal and l‘Iant forms witli l efcrtMiee to F:)rm ; Motor Power ; 
Chemical Composition ; Intimate Strnctnrc ; Nature and Mode 
of Assimilation of the Fo(mI Uelatioiis of the Animal and 
Plant worhls. 


The relations wliicli exist between or<^'anie and iiiorgauio 
bodies liaviiig been already di.scus.se<l, we ilu'ii observed 
how isliar})ly and definitely things living wtue se])arated 
from tilings lifeless. The inanimate crystal jiossessed no 
relations in common witli the animal on the one hand, or 
with tho ])lant on tin; otluT. We now proceed to the 
consideration of a xsccond set of dillerenees— namely, those 
which exist between the two great groups or series of 
living beings, animals and plants. 

And t(.) the unsitientitie observer onr present task might 
apiiear to be followed by results (piite as cmdaiii and 
definite as those which were elicited from a consideration 
of tin* dilFerences between the organised and inorganised 
scries, ^sbiy, so iiatent, so obvious, and so apj)urently 
Avell ascertained are the dillerences lietweon the animal 
and plant worlds, and bidween tlnnr contained organisms, 
that tho task of enumerating any siipj)<»s(‘d distinctions or 
boundarydincs of either group may at first sight appear 
wholly unnecessary. “ What relations, connection, or 
similitude,” one might ask, “is there hetvvecu a horse 
and the herbage it ei’ops ; or between a bird and the tree 
amid tho foliage of which it builds its nestl” And to 
such a query we might at first be disposed to repl}', that 
the only relation percejUiblc hetweeri these organisms 
exists in the possession of a coinmoii vitality. Both are 
organic or alive ; but, to the unscientific mind, rd! 
resemblance would cease at this stage of eomparisoii. 
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The difficulty, however, lies not so much in the ex- 
pression of mere relations, or in embodying relative ideas 
of the animal, or ])lant, as in the constriuition of a strict 
and absolute definition or idea of either. In the latter 
attempt, the ordinary modes of distinction between 
animals and plants are seen signally to fail. Nor docs the 
difficulty which b(\s(its our task lie so much, or iit all, with 
the higher forms of either series, as with the relations of 
the kingdoms as a whole. For if we leave the higher mem- 
bers of either kingdom, and descend to the contemidation 
and conii)arison of the lowest animal and plant organ- 
isms, we shall then arrive at some conception of the 
arduous and unsatisfa(;tory nature of the task before us. 
On comparing the Protozoa, or most lowly oiganiscul 
animals, with the P roto2)hyl a, or lowest ])lants, we find 
that most, if not all the ])oints of distinction, which in 
the case of t\u) horse and the grass ai)])(‘.ar so certain and 
determinable, utterly fail us in the separation of many 
of these lower forms of life. Yet the Protozoa are to be 
regarded as no less true animal forms than arc the Vertc- 
hrata ; nor an; many of the Protoyhjta less typical plant- 
forms than their higher n(;ighl)ours. Coiisecpiently, if our 
d(;finition or idea of an animal or of a i)lant is to be of 
any utility, it must of necessity be universal in its appli- 
cation, and must serve to include all organisms which 
belong to either life-series. Hence w(; must take 
cognisance of the lower as well as of the liigh(;r forms, 
and it is in the consideration of the former grou]), in both 
kingdoms, that we experience our greatest difficidty. 

Nor has the unsatisfiictory nature; of our present 
subject been made aj)parcnt of late years only ; or in the 
more philosojdiical eras of biological thought. We may 
discover in the records of the older naturalists an enumera- 
tion of many organisms, which, on the grounds of form, 
mode of life, or the poss(;ssion or want of locomotive 
powTT, they could not definitely or satisfactorily jdace in 
one kingdom or in the other. Sponges, for exam]de, have 
formed a kind of beU noire to the naturalist in this 
respect ; and even in the present day there are some 
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authorities who, in defiance of generally accepted views, 
and on grounds of philosopliical and scientific nature, 
would seek to support the views of the ancients, and 
regard sponge as essentially a vegetable organism. And 
when we further reflect that uji to the beginning of the 
eighteenth century the vef/dith^r. nature of red coral had 
not been disputed, it will readily be understood how 
little had been done in the way of ascertaining the exact 
limits and characteristics of cither group of organisms. 

Even in tliis advanced era of scientific progress, and in 
those days of ascertained facts and observation, together 
with the advantages of extended opportunities and means 
of rosearcdi, the almost hojjeless nature of accurately and 
absolutely defining and limiting the animal and vegc'table 
kingdoms, has induced sonic biologists to suggest the 
formation of a third or intermediate kingdom, for the 
reception of organisms, concerning the mature of whicdi 
there is reason to entertain any doubt. Of this descrip- 
tion of ‘‘ biological No man’s land,” — as Huxley terms 
this intermediate scries — the “ llegnum Protisticum ” of 
Hmckel may be selected as a typical example. Aiul bio- 
logists, following the cxamide and tenets of this distin- 
guished naturalist, would accordingly place in tliis de- 
batable territory a good many of the PrQtu::oa^ and lu^t a 
few Prot() 2 )hytaj which by other authorities Avould simply 
be included in either animal or plant series. The vicAvs 
of Hieckel have not met Avith any very general a(;cci)tatioii 
from biologists at large. Year by year Ave are hal tlie 
more ho|)efidly to entertain the belief that the distinction 
and ditferentiatiou of the two great life-series, or at any 
rate tlic exact and intimate relations of both, Avill be 
demonstrated. And hence aa^c are justified in declining 
to avail ourselves of this biological make-shift, the recog- 
nition of which is nearly tantamount to admitting at 
once the hopelessness of the task, and the futility of 
further research. Professor Huxley Avell expresses liim- 
self with regard to this matter, when he declares that the 
recognition of a Kegnum Protisticum ” “ merely doubles 
the difliculty which, before, was single.” 
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At the same time, we must candidly admit and face the 
difficulty, such as it is. And in the present state of our 
knowledge the relations of the animal and vegetable 
kingdoms may be aptly diagrammatised by drawing two 
circles which shall touch one another at a point in the 
circumference of eacdi ; in other words, at this p(>int the 
circles will inerge into each other. Thif^ point, in the 
case l)efore us, is the neutral ground where tlie Protozoa 
and Profophyfa meet ; and with the last remark that our 
diagram of tlie circles expresses tlie relations of tlic ani- 
mal and plant worlds, conditionally, and relatively to the 
future progress of scientific inquiry, we may close these 
purely introdiK'tory considerations. 

We may compare animal and plant forms, with a view 
to the dcitcr mi nation of their relations, according to five 
points. Tliese points arc: — (1.) Form.; (2.) Motor 
Power ; (3.) Chemical Composition ; (4.) Jntvmote Struc- 
ture ; and (b.) The Nature ami Mode of Assimilation of 
the Food, On the first four of these heads we shall have 
occasion to notice how the ordinary modes of drawing 
distinctions between animals and [slants fail ; and simi- 
larly, on the fifth and last point we shall observe that 
this latter head — the NTature and Mode of Assimilation 
of tin* Food” — affords the only warrantable basis on 
which we may found lines of demarcation between the 
animal and idaiit series. 

Firstly, then, we may notice liow the Form, or external 
characteristics of animals and jdants are inadequate for 
the purpos(?s of flistinguishing Ix^tween them. Obvious 
enough as this distinction may seem from a popular jjoint 
of view, and when applied to the higher groups of the 
series, there are yet many animal forms, of comparatively 
high stru(*ture and organisation, which, on this ground 
alone, could not be distinguished f]*ojn, but on the other 
hand^would most certainly be confounded with plants. 

Examples of such plant-like animal-organisms — are 
depicted in the accompanying illustrations. A large 
group of animal forms, known Jis the Hydrozoa, or ITy droid 
Zoophytes or Polypes (Fig. 4, a b c d), exemplify how 
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deceptive a distinction mere form or external configuration 
constitutes. In this case we observe a stru(;ture essen- 
tially plant-like in its conformation and in all its details 
(Fig. 4, a c). It grows from a fixed point, and further 
shows its external relations with the vegetable world in 
that it reproduces itself by a process of gemmation ” 



Fig. 4. ITydrozoa (after Hincks). 


a. Portion of tlic “liydrosojua,” or entire organism of Svrhtla^'la fusca, 
one of the “Sea Firs” (a little larg»*r tiian natural size); h, i>art of 
a hranch of n, grciitly luagnilied, showing the horny eni»s or “hydro- 
theea-,” in whieli the “ zodids " or })oIypitea are contained ; <:, “hydro- 
soma ” of riu)iiuJ< trill friilesccns (natural size), with ri'jo’oductive 
ea])sides ; il, i)ortiou of a ])iniiaor hraneli of r. (greatly m.'iguiJied), show- 
ing the cells of the “ ;:t)(>ids ” and a roiu'oductive ea]isule. 

or ‘‘ budding.” Yet a microscopic examination of the 
llydro::oon at once shows us that tlie tree-like structure is 
undoubtedly an animal organism, but of compound natim' ; 
and we can readily observe the little scmi-indepeiult nt 
“ polypites ” or factors (Fig. 4, h d) of which the colony, 
or compound organism, is made up. 

Then, also, we notice tlie well-known Coral-polypes — of 
historical interest — as being long mistaken for plants, 
until the observations of Jean Peysonnel demonstrated 
their truly animal nature. A piece of Red Coral in its 
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living state, with its living bark, containing the little 
organisms or “ polypes,” expanding and contracting their 
tentacles, [like so many flowers, is by no means a bad 
imitation of a vegetable organism in full growth. 

Amongst the Protozoa, and particularly in the case of 
the Jvfiiaorial animalcules — so called from tlicir being 
found in infusions of animjil or vegetable matter — we find 
many organisms which are continually being confounded 
with and mistaken for the embryonic forms of the lower 
plants. The ciliated zoospores,” or germs of many A Igce 



Fig, Ck JxrrsoniA and 

a, ZooKpoiv or locdinolive genn of a lower or t 'oii/i rroiil 

with foui' vihr;itil(; »-i!ia ; h, /(H»s])ore of lower (Va iirhcrid), with 

ijiiiDeidUs cilia ; r, zoos]»ore of Coiifrrm, with tuft of cilia ; d, J'olvox 
ghifiatnr. one of the lower Ahjn' iii its ailult stale, long considered 
of animal natuir : i , rariimu cum. avrciif(.,n true. I ufasnrl'i n, aniinal- 
eule ; /, h'lijilotrs Chd, oii, nil 1 iifvsnriaii ; g, (Kri/frir/ia glhhn, cuie of 
i\n- J fiJ'n.-'iij'id ; li, JYnnimut ghilntldm. ; and i, Aspidiaca lijiiccus, two 
liij'ufiorld.a animalcules (all greatly inagiiilied). 

or Sen-weeds (Fig. b, a h c), arc in many cases not to be 
readily distinguished from certain lufosoria (Fig. 5, efg 
h i) ; these little plant germs exactly resembling their 
animal neighbours in all the outward details of existence. 

In the l^olvox (jlohator (Fig. b, d), an organism com- 
monly found with Infusoria and other forms in stagnant 
water, and which is familiar to every microscopist, we 
find a typical example of how nearly in form even an 
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adult plant may apjH-oach to an Infusorian animalcule. To 
see this organism rolling over and over upon itself, propelled 
through the water by means of the circle of cilia” or 
eyelash-like filaments which fringe the margin of its body, 
would at once tend to make the uninitiated observer be- 
lieve he was looking upon an undoubted Infusorian form. 
Yet its truly vegetable nature has now been pla(;ed beyond 
a doubt. And, as ranking amongst the ProtozoUj a 
sponge, in so far at least as mere external appearance is 
concerned, might more readil}^ be assigned to the vegetable 
than to the animal creation. 



Fig. 0. MoiiTTioLoov OK Fluktra, ou “ Sea-mat.” 

a, Cociut'C’iiiin or ciitiic orgauiKiii of tluj ” Broad IToniwrack ” or “ iiOafv Sra- 
iiiat” (hhoitra foliacca), natural size ; b, a few coils of tljc. saiiic, greatly 
maguiiiod. 

But, lastly, and even more typically than in the preci'd- 
ing cases, the resemblance of an animal organism t(k a 
plant-form is seen in the Ilustra% or Sea-mats ” (Fig. d, 
a). These organisms must be familiar to every sea-side 
visitor as forming part of the chaotic mass cast up on tJu; 
shore by the tide, and to which the very characteristic 
and appropriate term, “ rejectamenta,” has been applied. 
The illustration will serve to convey an idea of the 
appearance of a familiar species, from an inspection of 
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which tlie essential features of the organism will be 
readily apj)arent. 

We firstly notice its essentially plant-like form — so 
plant-like, indeed, that it is commonly collected by sea- 
side visitors as a seaweed, and, as such, frequently occu- 
pies a prominent position in seaweed herbaria. T^or can 
we altogether afford to ridicule the mistake, since its 
resemblance to seaweed is so close, that it reciuircs some 
previous knowledge to separate the sea-mats ” from the 
heterogeneous mass of niarine vegetation with which they 
are generally cast upon the beach. Or, if we saw the 
Flmtra in its normal and living state, as it grows attached 
to stones and shells, and as we obtain it from the dredge, 
its resell iblanc(i to a seaweed would appear even more 
realistic than before. 

But notwithstanding this strange similitude to a plant 
form, we (;an, by a very simple and superficial (examina- 
tion, demonstrate its truly animal nature. If we semtinise 
its surface with tlie naked oyc, or, better still, by aid of 
a pocket-lens, we can observe the external division of the 
plant-like surface into numerous little cells or spaces, 
which, greatly magnified, exhibit the appearance depicted 
at 6, Fig. 6. And the observation of the Flustra in its 
living state would show that each little cell was occupied 
by a tiny inhabitant, the head of which, surmounted by 
a corona or crown of tentacles, would be continually 
waving backwards and forwards in tlie surrounding water. 
And a more minute examination would reveal, contained 
witliin the cell, a simjile but characteristically animal or- 
ganisation (Fig. 9), which will be noticed at a subsequent 
stage ill our studies. Each little cell of the sea-mat,” 
and its contained inhabitant, is the exact prototype of 
its neighbours, and of such cells the entire organism is 
made up. It is, therefore, like the Hydroid zoophyte, 
a compound ” organism ; it reproduces itself after plant- 
like fashion, and as a result developes an organism in the 
similitude of a plant. 

Thus not only is the Flustra of undoubted animal nature, 
but it also occupies a very definite and by no means lowly 
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place in the animal world. For when wc consider that 
it belongs to the great division of the animal kingdom 
known as the MoUusca, and that in this division are in- 
cluded all our ordinary shell-fish (oysters, mussels, cockles, 
whelks, etc.), as well as those higher forms known as 
cuttlefishes, it will be seen that the ^‘sea-mat,” so far 
from being an animal of hunible organisation, ranks com- 
paratively high in tlu^ created scale. 

Tlie consideration of these and other examples, which 
but a very slight acciuaintancc with systematic zoology 
will readily afford, may servci to demonstrate that, under 
the head of Form, we cannot distinguish between the 
animal and plant series. 

A sufficiently popular and obvious distinction between 
the animal and plant series would appear to consist in 
the possession by animals of Locomotive or Motor jmocr, and 
in the opposite and generally fixed condition of plants. 
Let us briefly inquire whctlier this second mode of dis- 
tinction be more trustworthy or reliable than the previous 
one. 

Do all animals move about ? are they all possessed of 
motor power 1 And conversely, are all plants fixed and 
rooted to the soil, and so destitute of locomotive means ? 
A little (joiisideration will at once suffice to enable us to 
answer both queries in the negative, and so to dispute the 
validity or corre(;tness of this second distinctive ])oint. 
Look at the sponges, the coral-polypes, the hydroid zoo- 
phytes, the sea-mats, the sea-squirts, and many other 
animal forms which are entirely destitute of locomotive 
means, and which spend their lives in a })ermanently- 
rooted and fixed condition. Or, on the other hand, 
witness the free and locomotive habits of many aquatic 
plants, which serve to disprove the assertion that vege- 
table existence is necessarily of a fixed description. 

The locomotive spores and germs of many aquatic 
plants (Fig. 5, a h c), or other and adult Protoi^Jnjta — 
such as Volvox (Fig. 5, d), Diatomctcece, etc. — which are 
never fix(;d and rooted at any period of their life, but live 
an entirely free and independent existence, exemplify 
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typical cases, in which the presence or absence of '^notor 
iwwer is shown to be no safe or reliable criterion of the 
exact nature of any disputed organism. 

AVhilst, therefore, in the abstract, or in a general sense, 
the power of locomotion may be considered as distinctive 
of tlie animal organism, it is also to be noted that the 
special value of the present mode of distinction does not 
rank any higher than that of Form; and this latter j^oint 
we have alnjady .see]i to be of no service in dcfinij^g for 
us the relations of the two kingdoms^ 

Thirdly, it may be asked. Can the chemist, under the 
head of Chemical ComposUioiiy aid us in the task of framing 
distinctive points between the animal and vegetable 
creation 1 To this query, also, a negative nqdy must be 
returned. Indeed, so far from assisting us in our labour, 
the chemist’s evidence l)ut renders the task still more 
hopeless a.nd confusing. 

Ilis statements, relative to the intimate or element- 
ary com posit ion of animals and plants, show that 
carbon and its com])ounds form the chief elements of 
im])ortancc found in the analysis of jdant tissues ; whilst 
nitrogen and its compounds may be said to hold a simi- 
larly prominent place in the composition of animal tex- 
tur(is. 

More intimate inquiry, however, will show us that 
this stateimmt is only of abstract and indefinite value ; 
and that chemical com])osition — in so far at least as re- 
lates to the discovery or recognition of certain elements 
as sp(?cially distinctive of plants on the one hand or of 
animals on the other — can afford us no certain means of 
diagnosis betweam the nature of the plant and that of the 
animal. Many chnnents and compounds are common to 
both plants and animals, and conversely, no one element 
or comj)ound can be said to be specially characteristic of 
or peevdiar to citlier series. 

But the chemist’s evidence does not end with this very 
general statement. Another aspect of the subject tends to 
prove that his tc^stimony will go very fiir to weaken the 
case for the distinctive character and value of this third 
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head. He may further inform us that certain substances 
long thought to be peculiar to vegetable organisation have 
now been detected entering largely into the composition 
of animal textures ; and in tliis view the chemical analysis 
of a living being cannot be said to at all aid us in found- 
ing distinctive characters of its nature. Thus “ cellulose,” 
a substance entering larg(*ly into tlie composition of 
vegetable tissues, and of whicli woody fibre and the walls 
of plant-cells are chiefly composed, Inis jiow been ascer- 
tained to form the greater jiart of the outer covering of 
Ascidiaiis or “ Soa-s(piirts” — .i\Iollu.^rous animals allied in 
a manner to our ordinary shell-fisli. Tlu', fact of so 
characteristic, a vegetable product bcijig found thus inti- 
mately associated with animal structure, was, to use 
Huxley’s expression, “justly regarded as one of the most 
remarkable facts of comparative physiology.” 

In the case of “ chloroidiyll,” or the green colouring- 
matter of plants, a similar result has been found. This 
latter and characteristic vegetable product is ol)scrved 
to impart the green colour seen in many hifmoria, in the 
Hydra or “ fresh-water polype ” (Fig. 7), and in many other 
animal forms. Neither cellulose nor chlorophyll, in them- 
selves sufficiently well-marked vegetable products, can 
therefore be said to be characteristic of the plant creation. 

And (diemistry furnishes us with many similar but 
less familiar examples of this seeming interchange of pro- 
ducts. The liver and placenta of most Mammalia are 
known to inanufac^ture or secrete, among other prodiu^ts, 
a substance known as “ glycogen” or “ animal starch,” 
and this latter substance appears to be of nearly similar 
composition to the starch obtained from .and elaborated 
by plants. 

Such examples, therefore, tend to show th.at, for our 
present purpose of distinction, chemical science can afford 
us no more definite or reliable aid than form or motor 
power. 

Fourthly, we may inquire whether the microscopist can 
render us any better assistance than the chemist ? 'Will 
the microscope enable us to detect in the Intimate structure 
E 
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of animals and plants any perceptible and decided differ- 
ence between the two groups or series ? 

If we microscopically examine the tissues of a plant, 
we find them to consist of certain elementary bodies 
known as cells ” and “ vessels ; ” or if we called develop- 
ment to our aid, we should find that the primary form of 
plant structure would be referable to the “ cell ” itself — 
the “ cell ” consisting of a more or less rounded structure, 
generally of small or microscopic size, and composed of a 
cell-wall, cell-contents, and a little contained particle, the 
cell-centre or nucleus” (Fig. 19). Or, if we sought to 
trace development prior to the formjition of the cell, we 
should find that elementary constituent of plant structure 
to be in turn formed from a uniform life-basis or bioplastic 
mass, or from the aggregation of organic pai uloles known 
as “ molecules.” 

Turning now to the investigation of animal textures, 
the microscopist finds that the tissues of the animal are 
built up of elements similar in kind to those he observed 
in the intimate structure of the plant. Bone, muscle, 
tendon, nerve, skin, and every other tissue found in the 
economy of the animal, is composed of certain definite 
cell-structures, which, under the microscope, are capable 
of being readily and certainly recognised. And in the 
progress of animal development, the process, as observed 
anterior to the formation of the cell-structui*es, is essenti- 
ally the same in kind as that seen in the production of 
the plant-form. 

The science of Histology,” or that which investigates 
the minute structure of bodies and tissues, both in itself, 
and from its bearings on the developmental process, thus 
reveals a striking identity in form and composition. The 
difference between the intimate structure of plants and 
animals is therefore one of degree only ; variations in form, 
composition, or texture, having no effect in modifying the 
typical plan upon which the elements of the animal or 
vegetable body are built up and arranged. 

The Nature and Mode of Assimilation of the Foodj consti- 
tuting the fifth and last head, forms, as we have previously 
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remarked, the only sure and definite ground on which we 
may separate the animal from the plant world. And this 
latter point' has therefore reference to the distinctive 
characters to be drawn, firstly, from the hind of nutritive 
material necessary for the maintenance of animal and 
plant organisms respectively ; and, secondly, from the 
nature of ike process by which such nutrient matter or food 
is elaborated and rendered fit for the due support of 
animal and of plant life. And if, to these primary con- 
siderations, we add those relating to tlie results of the 
conversion aiid assimilation of the food, in each case, we 
shall find the distinctions dediicible from our consider- 
ations to be of a very definite and satisfactory kind. 

Tlie nature of the food of the animal difters essentially 
from that of the food of the plant. Animals require for 
their due sustenance onjanic material — that is, matter 
which has been derived from the bodies of living organ- 
isms, and which has therefore been already elaborated. 
Plants, on the other hand, subsist on inorganic material, 
or upon matter devoid of life, and derived simply, and 
without previous preparation or elaboration, from the ex- 
ternal world. 

Primarily, therefore, the nature of the food, thus briefly 
stated, shows a very important source of distinction be- 
tween animals and plants. Beginning in a natural order 
with the nutrient interests of the plant, we find the 
vegetable world subsisting on the three great compounds 
which we have previously noticed to unite in the forma- 
tion of the “ matter of life,” or ‘‘ protoplasm.” These 
compounds are water, carbonic acid, and ammonia ; and 
if to these we add the very general presence of certain 
mineral salts, such as the compounds of lime, soda, potash, 
flint, etc., we shall have completed the very modest bill 
of fare which the plant requires for its nourishment and 
growth. 

Such being the nature of vegetable food, what are the 
results of its assimilation within the plant organism ? 
Eoughly stated, these results are evinced in the produc- 
tion and manufacture by the plant, in virtue of its 
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cliaTacteristio and inherent vitality, of tlui proteine or 
protoplasmic compounds. The vital chemistry of the 
plant, in otlier words, converts the inorganic material 
into organic or living matter ; living protoplasm is thus 
produced, as we liave previously remarked, only by the 
intervention and operation of an already living organism. 
And the plant, in the exercise of its vital functions, 
therefore, converts compounds of simple and inorganic 
nature into organic and highly complex compounds. 

Ill the consideration of the nutritive process in the 
animal economy we are met by a result totally different, 
and as nearly as j)ossible opposite to that seen in the 
plant. The animal nMjuires for its sustenan(?e, as already 
remarked, organised or living material. This term is 
synonymous with matter that has undergone elaboration 
by the vital clunnistry of a living being, and for this 
material the animal is dependent, jirimarily, upon the 
plant creation. It obtains the organic matter necessary 
for its sustenance from the plant world, and in this view 
plants therefor(‘ form the great bulk of animal food. But 
with the reception into its body of this organic nutritive 
material, a scd('s of actions widely dificrent in result from 
those seen in the plant economy, are now to be noticed in 
the assimilative process of tlic animal. The vital chemistry 
of tlic animal has a direction and opeintion entirely different 
from that of the plant. The comjdex compounds formed 
by the jdant, andoHered as food to the animal, are, in the 
animal economy, reduced to much simpler and less complex 
bodies, and these latter an? tinally inorganic in character. 
The carbon contained in tin? food of the animal in this 
way is returned to the atmosidiere as carbonic acid, the 
nitrogen is got rid of chiefly in the form of “urea,’' 
whilst the hydrogen of the organic compounds derived 
from the jdant, reappears in an inorganic form, and in 
greater part as wat(ir. Thus the waste products of the 
nutritive process in animals arc essentially inorganic in 
naturci, and result from the absorption, assimilation, and 
elaboration, of organic nutritive material. 

The animal thus lives on organised material ; the plant 
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subsists on inorganic matter. The animal converts such 
organic material, consisting of highly complex compounds, 
into inorganic and simple compounds. The plant converts 
the inorganic matter, consisting of simple compounds, into 
organised matter, and into higlily complex compounds. 
The stable elements, or com])ouiids of inorganic substances, 
are, by the plant, converted into highly unstable com- 
pounds of organic nature, and which serve the animal for 
food. The whole course of jdant life is a })rocess of 
reduction, deoxidation, unburning, and of building up 
organised material. The whole course of animal existence 
is a process of oxidation, burning, or breaking-down of 
organised matter as the result of tissue- waste, into 
inorganic or non-living material. The plant constantly 
produces, and the animal as continually consumes. 

Several other points, of subsidiary importance to the 
preceding considerations, may appropriately bo noticed 
at the present stage. Thus the food of animals is gene- 
rally solid in its nature, whilst that of plants is usually 
liquid or gaseous ; this latter rule being of very constant 
nature, in so far at least as plants arc (ionc-erned. 

An important and further ground of distinction between 
the animal and plant worlds, and one which is closely 
related to the nature of tlie food, is found in the respective 
effects or reactions of animals and plants upon the atmo- 
sphere. This latter point has reference to the gaseous 
interchange which takes place b(^tween tlu; animal 
and plant kingdoms, and which affords an apt illustra- 
tion of the great law prohibiting waste and mismanage- 
ment, which Nature seems to inculcate and exemplify 
throughout all her dominions, and in all her operations. 

The animal requires for the due performance of its 
vital functions a certain amount of oxygen gas, whicli it 
derives from the atmosphere by wliich it is surrounded. 
This oxygen is therefore absorbed by the animal, which 
in turn excretes or gives out to the atmosphere, as the 
part-result of its tissue-waste, a certain proportion of 
another giis known as carbonic acid. This latter gas is 
exceedingly deleterious to animal life, but plants, on the 
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other hand, absorb and inhale the carbonic acid, which 
is to them what oxygen is to the animal ; and we have 
already noticed how the carbonic acid is elaborated by 
the subtle chemistry of the plant, to aid in forming the 
protoplasmic compounds so necessary for the support of 
animal life. 

The plant, in the exercise of its vital chemistry, 
next retains to itself the carbon, and sets free the 
oxygen, which also forms part of the carbonic acid. 
The free oxygen is thus returned by the plant to the 
atmosphere, to be again made subservient to the life 
and functions of the animal. The chemist represents 
carbonic acid by the symbol CO^, signifying that Carbon 
(C), and Oxygen (0), combine in certain proportions to 
form carbonic acid ; and we may roughly diagrammatise the 
action of the plant, if we suppose it to retain for its own 
use the C, and to allow’ the Oj to return to the atmosphere. 
The animal thus absorbs what the plant excretes 
(oxygen) ; aud the plant absorbs what the animal 
excretes (carbonic acid). In this way, therefore, those 
substances which we might consider to be the waste and 
useless products of one economy, are, in virtue of nature^s 
wise plan, utilised and made subservient to the welfare 
and nutrition of the . other. 

The mode in which the food is assimilated in animals 
and plants respectively, forms the second division of our 
present subject. This latter consideration essentially 
assumes the nature of a comparison between the nutritive 
organs of plants and of animals. Broadly stated, the nu- 
tritive and absorbent organs of plants are external, that 
is, are situated on the outer surfaces of the organism. 
Conversely, in the animal, the nutritive organs are inter- 
nal, aud we generally find that a distinct cavity or tract 
is apportioned oif from the internal surfaces of the body 
to subserve the digestive or nutritive function. 

Even in the lowest animal organisms (e.^. the Amosha, 
Fig. 1), in which a true and distinct digestive cavity or 
stomach is not specialised from the general protoplasm of 
which the body is composed, we find that a temporary 
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internal digestive cavity is formed as occasion requires, 
and food by this means is received into the interior of 
the organism. Thus, in an animal form of nearly *the 
lowest grade of organisation, the generalisation concerning 
the relative position of the nutritive organs in the animal 
and plant series still maintains its validity. 

The primary process of nutrition in plants is subserved 
by the root and leaves, the absorbed materials being 
exposed to the action of the sunlight chiefly through the 
medium of the latter organs. In plants, however, wc find 
an internal system of cells and vessels, to which a circula- 
tory function may be correctly assigned ; this latter sys- 
tem distributing throughout the organism tlie elaborated 
products of the nutritive process. Such a system bears a 
close and undoubted analogy to the circulatory system of 
animal forms ; but the primary processes of nutrition are 
subserved in the plant by external organs, whilst in the 
animal we find the food directly received into the interior 
of the body. 

The presence of a distinct mouth or oral aperture for 
the reception of food, is by no means a constant or un- 
varying characteristic of the animal series. The lower 
forms of animal life, in common with their want of 
organisation and the non-possession of distinct structures 
and parts, are generally destitute of a special aperture 
for the reception of nutrient matter, and in some forms 
of comparatively high structure, a distinct mouth, and, 
in some cases, even a distinct digestive system, are also 
wanting. Notably in the Twniada or Tape-worms, and 
in other parasitic forms, is this the cjise ; such organisms 
living by the simple imbibition of the already elaborated 
fluids of their hosts. Yet we cannot doubt that, even in 
this latter case, the food must, in the interior of the 
organism, undergo a further degree of elaboration. 

Lastly, and in concluding the consideration of this 
important series of distinctions, it is of importance that 
the broad relations between the animal and plant series 
be clearly borne in mind. The illustration fornuTly 
adduced — ^namely, that of expressing the relations of the 
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two series by drawing two circles so as to touch each 
other at a point in their circumferences, will, if its terms 
be correctly appreciated and understood, recall to mind 
the position of the one kingdom as regards the other. 

Each possesses an entity distinct in kind from the 
other. The two form a great tree, consisting of two main 
stems, united in their lower part, but diverging from each 
other the more widely as we proceed upwards. Hence 
tlie two economies do not, and cannot, from the nature of 
the case, form one long linear scries, which would have 
its origin in the lowest plant, and its termination in the 
highest animal form. The ])oint in the diagram of the 
circles, in which each circ^lc merges into the otlier, or the 
union of the two great stems of the tree, is represented 
in the real case by the union of the ProUaxi and Proto- 
phyta^ in the strange and confusing identity of form and 
relations wc have already discussed. 

We cannot, by any gradation of any kind, pass from 
the higher jdants to the lower animals, and onwards to 
the highest animal forms. No such unbroken line or 
continuous series can be formed, since it is only in their 
lower boundaries that the animal and plant worlds show 
any tendency to merge into each other. In other w^ords, 
the tw^o series are to be placed side by side, as in the 
circles, and not in any continuous linear arrangement. 
The higher forms of each kingdom diverge so widely from 
each other, that it reipiires no scieiitihc aid or acumen 
to readily distinguish the natme and relations of cither 
or both. 



CHAi*TER IV. 

Differences between dilfcrcnt Organisms — Divisions of Biological 
Science — Morphology, IMiysiology, and Distribution — The 
Differences in “ Fumdion Specialisation of Function ” — 
Illustrations and Deductions. 

Oim work, so far as it has proceeded, partakes in cliarac- 
ter of the analytical, inasmuch as we liave been endeavour- 
ing to separate out and to distinguish the great groups 
of natural objects ; and to clearly set before us the special 
characteristics of each division. We have thus defined, so 
far as is ijossible, the two great series of organic or living 
beings. The next step in our procciss of analysis and 
separation consists in the endeavour to discover the most 
philosophic and trustworthy mode by which any indi- 
vidual organism, or group of organisms, can be separated 
or distinguished from another organism or group. 

And the progress of biological science luxs in no case 
left clearer proofs of its advance, than in the improved 
and thoroughly scientific basis on which the principles of 
mapping out the difierences between different organisms 
have been founded. The older systems of noting these 
difibrences were crude and unsatisfactory, and were 
founded on supposed distinctions, drawn from mere exter- 
nal configuration, and without any regard to iiitenuil 
structure or organisation. As a cousequenee, the ultimate 
scheme of separation or classification of the organic series 
was, as we shall hereafter see, a thoroughly artificial one ; 
based on self-constituted i^rineiples, and entirely ignoring 
the details of structure and function, on which alone it 
is possible to construct a true and reliable system of 
classification. 

Two great principles aid us in obtaining a sure idea of 
the difierences between the members of either animal or 
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plant series. The first of these is termed Morphology, 
and relates to those distinctions wliich we may draw 
between two organisms, by simply investigating their 
structure. The second principle is known as that of 
Physiology ; and this latter bases its grounds of distinction 
on the differences which it elucidates from a consideration 
of the mode in which the functions of life are carried on 
in each organism respectively. Given two organisms, 
then, concerning which we wish to decide as to the proper 
place of each in the scale of being, we can thus consider 
each from two distinct yet connected points of view. We 
may compare the structure of the one with the structure 
of the other, and determine their relations by a study of 
their Morphology ; or we may observe how the processes 
or functions of life are carried on in each, and by aid of 
Physiology arrive at a conclusion as to which is to be re- 
garded the more higlily organised of the two. 

Before proceeding to note the chief ideas involved in 
each process, it may l)e well to observe the subordinate 
divisions, which are included under the several depart- 
ments of Morphology, Pliysiology, and Distribution. The 
tabular view apyxinded will serve to show at a glance the 
classification of these sciences : — 


Biology — *‘Sgiknce of Living Beings.” 


DilFerences bctwroii different organisms or groni)S of organisms 
investigated under tlie sciences of — 


I. — Mouphology 
(Science of Form) 


1 . Anatomy. 

2. Eintnyology or Development. 

3. Taxonomy or Classification. 


II. — Physiology 
^Science of 
Function) 


1. Function of Nutiition or 
Alimentation. 

- 2. Function of Reproduc- 
tion. 

3. Function of Correlation, 
Innervation, or Irri- 
^ tability. 


Digestion, 

Absoi’ption, 

Circulation, 

Resyfiration. 


III. — Distiubution 


! 1. In Space (Geographical). 
2. In Time (Geological). 



DIVISIONS OF BIOLOGY. 


59 


The science of Mo^tyhology, then, includes three sub- 
divisions, each of which deals with a subordinate part of 
the structural relations of the organism. (1 ) Auatomij thus 
investigates for us the structure of the adult being — of 
the organism in its fully-grown state. Our knowledge of 
its structure, however, cannot be said to be completed 
wdth a review of its adult state ; aud accordingly w^e trace 
its early life-history, by aid of the second branch of the 
science, that of (2) Embryology or Devdoj^ment. We now 
know tlie organism thoroughly as to its structure ; as the 
perfect animal, and in its various stages of development 
also. The third division of Moqdiology is that of (3) 
Taxonomy or Glassification^ and this principle is brought 
into use, when, knowing the structure of several organisms, 
we compare them together, with a view to determine their 
relative place in our scheme of arrangement. Tliis latter 
head might in this respect be termed Comparative 
Morphology To these three divisions of Morphology 
some authorities add a fourth — namely. Histology ; by 
which branch we investigate the minute stmeture of the 
tissues or intimate parts of the organism. This latter 
science might therefore be appropriately named “ Micro- 
scopic Morphology fi since in its pursuit we employ the 
microscope and allied inodes of investigation. 

Tlie science of Fhysiology similarly divides itself into 
three subdivisions, by means of which we gain a complete 
knowledge of the processes or functions of life in the 
animal or plant. Firstly, we observe how the organism 
nourishes itself — (1), Function of Nutrition — and under 
this branch of physiological knowledge we investigate the 
processes of digestion, absorption, circulation, and respi- 
ration ; or, in other words, those functions which administer 
to the growth of the being, by providing for the due 
elaboration of the food. The function of (2) RejmoiJnction 
provides for the propagation of the species ; or for the 
production of new individuals, by which the specific 
peculiarities of the organism are carried on, and per- 
petuated in time. Then, lastly, we have the func- 
tion of (3) Correlation, or as it is sometimes termed, 
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of Innervation or Irritability, This latter subdivision 
investigates the relations which an organism maiii tains 
with the world in wliich it lives, which relations are 
manifested throiigli the nervous system, or through analo- 
gous media. 

The terms “ functions of animal life,” and “ functions 
of organic or vegetative life,” so freciuently occur in con- 
nection with the present subject, that it may be well to 
explain wliat is meant by these terms. The functions of 
“organic or vegetative life ” are those of Nutrition and 
Reproduction ; and these latter functions are so called be- 
cause they are common to all living b{dngs, whether 
animals or plants. The functions of Correlation, (Ui the 
other hand, are generally regarded as distinctively and 
essentially peculiar to the animal series, and hemte these 
latter functions are spoken of tis those of “ animal life.” 

Tlie Distributional aspect of biological science divides 
itself into a twofold arrangement. We ascertain by its 
(1) Geof/raphical Distribution Jiow an organism is distri- 
buted in the world as it now exists. A\’e observe under 
tljis head the i)articular tracts or regions it inhabits, or 
conversely, in what districts it may bo or is unknown. 
And lastly, through (2) Geoloyical Disiribution, or by 
means of its Distribution in Time, we ascertain if the organ- 
ism existed in past periods of our earth’s history ; and if 
so, whether or not the conditions of the past differed from 
those under which it may exist in the present day. 

To know an animal or a plant fully and completely, 
we must know it according to tlie mode and prin- 
cijdes of investigation I have just pointed out. In no 
sense can our knowledge of an organism be said to be 
complete and final, unless we are fully aware of its 
Morphology, its Physiology, and its Distribution. Its 
early life ; its period of full development ; its functions 
as a living being : its habitat now and in time piist — 
these are the points which a complete life-history should 
contain, and which it is the province of a reliable system 
of examination to furnish. 

Kesuming the consideration of those distinctions which 
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separate different organisms from one another, we now 
note how morphology and physiology, respectively in- 
vestigating for us the details of structure and func- 
tion, enable us to form a correct idea of the rela- 
tions which exist between the members or groups of 
either life-series. We observe without difficulty very 
many differences between animals on the one hand, or 
between plants on the other. Differences these, which 
we may include under the heads of form, colour, size, 
etc., and which may readily enough servci the purposes of 
a popular (dassilication or arrangement. But, scientifically 
regarded, we must endeavour to ascertain such differences 
after a reliable mode ; and thus we call to aid the 
generalisations which a correct system of Morjdiology and 
Physiology alone can give. 

The differences between different living beings are 
therefore capable of being investigated under either or 
both of these divisions : in other words, the differences 
either relate to the form and structure of the organism, or 
to the manner in which the functions of its body an^ 
(jarried on. Or, lastly, we may employ both of these 
means, conjointly, to aid us in our work. 

The morphological or structural differences are investi- 
gated Tinder the head of Morjihological Type ; and the 
physiological or functional diflerenccs collectively consti- 
tute what is known as “ Specialisation of Punctions.” We 
shall most profitably and readily arrive at a clear under- 
standing of both, if we commence with the consideration 
of the differences in “ function.” 

By “ specialisation of functions ” we conveniently and 
shortly mean to express the fact that an organism is 
physiologically simple when the functions of its body 
are simj)le, and are subserved by organs or tissues of 
correspondingly elementary character. Hence the organ- 
ism physiologically increases in complexity and in jxt- 
fection of organisation, according as its functions are 
more complex ; or, to use the more expressive term, as 
its functions become more and more “ specialised.” At 
the one extremity of either organic series we have organ- 
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isms physiologically simple, and with functions unspe- 
cialised : at the other extremity “ specialisation of 
functions ” attains its maximum in the most highly 
organised forms. Let us briefly trace the progress of the 
specialisation of the nutritive function, as materially 
assisting us to understand the meaning and application 
of the term. 

The first stage finds a convenient illustration in such 
a Protormc form as the Amcsha (Fig. 1, a ft), or better 
still in its nearly allied neighbours the Foraminifera (Fig. 
2, a h). In either case, the phenomena of life are primi- 
tive and simple to the last degree, and in the Amoeba 
these phenomena may be very conveniently studied. Its 
body is composed of a minute shapeless mass of sarcode 
or protoplasm, destitute of any defined outline, and 
exhibiting but the faintest traces of organisation. We 
look in vain for any defined or even rudimentary stomach- 
sac, or digestive apparatus of any kind. When the 
function of nutrition is brought into play, we see it 
thrusting out its protoplasmic body into finger-like pro- 
cesses (Fig. 1, a), by means of which it seizes any par- 
ticles (»f nutrient matter. These nutrient particles are 
drawn into the interior of the body, and the extemporised 
arms or fingers soon disappear. Around each particle 
of food thus thrust into the substance of the body, 
a little clear space forms, and gradually the minute 
morsel is digested in this temporary and extemi)orised 
“ stomach.” AVe cannot be certain of the existence in 
the Amceba of any definite organs for the circulation of 
the nutrient fluid which we may suppose to be thus ela- 
borated from the food; although the function of hearts 
has been iiscribed to certain little clear spaces, termed 
“ contractile vesicles,” and wdiich are seen to contract 
and expand in a regular and defined manner. The innu- 
tritions or indigestible portions of the food, or the waste 
matters of the system, are simply cast out of the body 
from any portion of its surface ; that is, no defined chan- 
nel for the conveyance of such material from the system 
is found in the present instance. No distinct respiratory 
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or breathing organs exist in the Ammha^ which thus pre- 
sents us with a form, lingering as it were, on the very 
verge of existence. 

Now let us clearly understand the state of matters 
observable in the Armaiha, Firstly, then, we find that no 
part of the body is “ specialised,” or set aside to perform 
the special functions of a stomach ; and no specialised 
organs for seizing the food are present. Any part of the 
body serves the animal as a stomach, just as any portion 
of the body-wall can be thrust out to grasp or entangle 
the particles of food. And as tlie digestive function is 
not specialised, so neither are the respiratory, nor, in all 
probability, the circulatory systems. Specialisation of 
functions, in short, has not commenced in the Ammha, 
The simple functions of its body are subserved by means 
apparently and infinitely more simple than the functions 
themselves. 

A step higher in the scale brings us to a form in which 
we find a ceiliain degree of specialisation of the nutritive 
fimction. The common Fresh-Water Polype, or Hydra 



1. Hydra viridis, attached to root of duckweed, with young Hydra hiitl- 
diug from tlic side of the parent. 2. Hydra fiisca, the “ loug-armed ” 
Hydra. 3. Hydra viridis (greatly magnified), showing tentacles, 
ovarium (a), and spermatozoic receptacles (& h). 

(Fig. 7, 1 2 3), found attached to the roots of duckweed 
and other aquatic plants in most of our ponds, exem- 
plifies the second stage in our investigation. This organ- 
ism consists of a minute tubelike body, attached by a 
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root-like extremity to any fixed object, and possessing 
at its free or unattached end a mouth surrounded by 
a circle of tentacles. A diagrammatic section of the 
HydrcCs body (Fig. 8) reveals a 
, , very simple and primitive organi- 

k j /j J\ sation. We find this body to be 

/ composed of a simple tube, witli 

ffff double walls (a h), terminating 
superiorly in a mouth (f7), and 
_ \ j tentacles (c). The tentacles serve 

yi||R I fo grasp the food and convey it 

^ I to the mouth, wliilst the general 

^ 11 and simple (;avity of tlie body 

^ purpose of a sto- 
lid mach. We therefore observe in 
the present case an advance on 
I I the Antojbfds primitive structure. 

j \V We lind the function of ])rehen- 

sioii, or that of seizing the food, 
Fig. 8. st:ctt()n of Hvnju. subservcd by special organs, the 
(C'rdcnfmt/a). ‘‘ teiitacles ” — ill otlier words, 

a, Ecrtoflcrin ; h, (‘iKlodcnn ; tllC fuiK^tioil of preliensioil is 
ore, tciitiuics ; d, iiioutii ; « s 2 )ecialised ; ” and we also ob- 
c, “smnati. " <«'ify „r g^.. 

g(mer!il cavjty of the luxlv ; , , 

/, attached portion or *‘iiy- ists and IS Specialised, but hero 
drorhiai;” g, sj)eniiariuiu tlic process of dilfcrentiation ends 
or testis; ?i, ovarium or Jlydra. No distinct sto- 

mach as yet is found, and we 
have seen that the general cavity of the body (c), docs 
duty as a digestive sac. Neither does any special channel 
exist for the elimination from the body of the innutritions 
jiroducts of digestion ; the refuse material of the body 
being rejected by the oral aperture (d). 

A further stage awaits our examination in the Flustra 
or Sea-mat (Fig. (i, a h), the structure of which has 
already been described. If we magnify and diagrammatise 
a single cell of the Flustra, as in Fig. 9, we shall find a 
very important and marked advance on the Hydra. We 
find a mouth (6), and tentacles (a) as before, but we also 
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observe that in addition a distinct stomach (d) is special- 
ised or ditfercn tinted from tlic general cavity of the body ; 
and we further notice that from 
the stomach an intestijie (c) is con- 
tinned, terminating by a distinct 
anal aperture (/), and serving for 
the conveyance frenn the system of 
the etfete or useless digestive pro- 
ducts. Specialisation lias advanced 
in the present ease in a markcMl 
degree, although as yet we tind no 
distinct circulatory or respiratory 
organs. In the Flusfra^ the nutri- 
tive fluid chiborated from the food 
simi)ly passes from the digestive 
system into the cavity of the liody 
(// ), and is kept circulating through- 
out the body-cavity by means of 
the constant action of the little 
hair-like bodies or “ cilia ” which 
line the inner wall of the cell. 

The function of respiration is in 
all probability subserved by the 
ciliated tentacles [a) of each little 
“ polypide.” 

In the Snail or TFhdl: (Fig. 10), 
we reacii a furtlier stage in the pro- 
cess of differentiation of the nutritive function. A (*.oin- 
plicated organisation is here ]>resented to our notic^e, and 
we find that, in addition to the siiii])le stomach and in- 
testine of the Fhidra, many organs and structures, each 
fulfilling a definite part and shar(‘ in the digestive ]>ro- 
c,ess, are now addcHl. Salivary glands (e ) ; a large liver 
(?), furnishing bile, one of the most important of tin' 
digestive fluids ; a distinct heart (.s t) and blood-vessels 
circulating the elaborated products of digestion ; and 
highly developed gills (j>) or breathing organs for i)uri- 
fying the blood — all testify to the extent and degree^ 
F 



soctiou of 
a (‘(“11 of Fhoitra 

or “Sca iiiat” (greatly 
iiia^iiili(ul) ; It a, eiliaUid 
Icntaeles ; ('», iiioiiUi ; c, 
{iijlh't : (/, stoDiacli ; r, in- 
testine ; J\ anus ; fj, ikm’- 
voijs },Mn^li()n ; h h, 
{general cavity of Ixxly; 
i, t(>.slis ; /.■, ovai’y; I, 
eelueyst, or oui('r niein- 
brano of Ixxly ; m, en(.lo- 
eyst, or inner iiieiiibrane. 
of Ixxly ; n, rc^tractor 
mnsele, l»y tli(‘ action of 
Avliieii the animal 
withdraw the (‘iliatet.1 
tentacles. 
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of complication to ■which tlie function has, in the pre- 
sent instance, attained. 

Then, lastly, if we advance to the consideration of a 



Fi^i. 10. Diaorammatec Six^tton of Snail. 
a, foot; h, o]u*r(Miluin ; c, icni.aclos ; iJ, inoutli ; f, saliviivy ; /, 

stojoacli ; //;/, iiit«‘Stiuc : h, amis; ■/, Jivt-r ; /, aitiTtiUF of ^0!I (‘liaiiilx.-r ; 
m, oviOuct : ?/, gill-di huIht ; o, lloor of gill-ohuiMlaa- ; gill cn- 
brcathin<^^-<>i{.;ai) : xt, Iioarl ; a-, “ < C|tliali<-/’ a', “jicdal,” and y, 
“ braiu'liial ” pinglia. 

form high in the srale, siicli as a Mammal (Fig. 11), wo 
shall find the process of sj)ecialisation still further improved 
upon and advam-ed. 

Let ns now take a retros])ective viinv of tliese various 
stages, and endeavour to gain a true idea of the signi- 
ficance of tlie process of difierentiation. In tlie Amoiba, 
any part of the hody subserved tlie nutritive func- 
tion, and its s|)ecialisation in that animalcule could 
hardly be said to have commenced. In the JJijdra we 
found the presence of a distinct mouth, tentaides, and 
body-cavity, to evince a primary, but still decided, stage 
of advance on the simplicity of the Ama’ha's organisation. 
In the Fl'ustra tlie process was observed to be truly 
specialised ; ilistinct orgaii'i and parts being devoti^d to 
the pei*forman(;c of the nutritive function. And lastly, 
in the complicated organisation of the Uludk, or Mam- 
mal, th(i process reached, respectively, a great and the 
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highest degree of differentiation to wliich it could 
attain. What, then, is the essential difference which 
physiology w'ill teach us between the simple Auiocha and 
the complicated Mollusc or Mammal? The Anwiha and 
Whelk nourish themselves equally well. The process 
of nutrition is as perfect in the Ammba^ so far as its 
result goes, as it is in tlu^ Wlielk. But tlie mode in 



Fi};. II. Idkal SwrioN OP MammAl. (Owen.) 

A, fore-limi) ; II, liiml-liml) ; e, iiiontli ; ho, hrain ; d, nostril ; o, vyo ear ; 
(j, };ull(.‘t; li, st(mia(;h ; ii, iulestiiie ; j, inidrilf; k, t(Tmiiial ])ort ion of 
intestine; 1, anus ; m, liver; n, spleen; o, kidney; p i>, synipiitliotie 
nervous system ; r, urinary bladder; ks, si)inal cord ; v r v, verte.bral 
<;olunm ; //’, heart ; r, lull}; ; y, windi)ii)e ; z, epiglott is. 

which the result is attained varies greatly in tlie two 
cases, and it is exactly this variation which jiliysiology 
expresses as the fimctional distinction hotwctni different 
organisms. 

The simple function in the Aimrha^ subserved by its 
equally simple protoplasmic body, is broken up in the 
Wlielk, for example, into a complicated series of settond- 
ary functions ; these secondtiry functions being subserved 
by organs which are specialised or set aside, each for the 
perforiuauce of a special duty. Thus it is clear tliat 
with the growth in complexity of a function we must 
also have a corresponding increase in the complexity of 
our apparatus. It would be obviously useless to sup- 
pose or expect that the simple protoplasm of the Amo hn 
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should perform the complex functions subserved by the 
special organs and systems of the Whelk ; and therefore 
it is that we find specialisation of functions and special- 
isation of organs going hand-in-hand.” Nature, in this 
view, never employs a physiological maid-of-all-work ” or 

Jack-of-all-trades.” Where the duties are many and 
varied, the apparatus is also varied j and hence the term 
“ phj^siological division of labour,” applied to the “ special- 
isation of functions ” by Milne Edwards, very happily ex- 
presses a just gemeralisation of the process. The Amoeba’s 
body, indtu^d, is comparable to a factory where raw material 
is perfectly pre])ared after a very simple fashion, involving 
no division of labour, and to serve an equally simi)le pur- 
pose. The bixly of the Whelk or Mammal is similarly 
comparable to a factoiy, in which the raw material is 
prepared after a different fashion, in a complicated man- 
ner, and involving an immense division of labour in 
every department of the process. The same result is 
attained relatively to each organism, namely, that of per- 
fectly nourishing itself ; but the means used to that end 
are widely different in tluj two cases. It is this differ- 
ence which the principle of the specialisation of func- 
tion ” expresses ; and, idiysiologicalty speaking, therefore, 
an animal is liigh or low, acc^ording as its functions are 
specialised to a greater or less degree. 

To use Huxley’s words — In the lowest organism 
all parts arc c()ini»etcnt to perform all functions, and one 
and the same portion of protoplasm may successively take 
on the function of feeding, moving, or reproducing appa- 
ratus. In the highest, on the (contrary, a great number 
of parts combine to perform each function, each part 
doing its allotted share of tlu^ Avork with great accuracy 
and efficiency, but being useless for any other purpose.” 

"What has just been illustrated by aid of the function 
of nutrition might equally well have been exemplified 
by that of ‘‘ reproduction,” and, though perhaps not with 
so strict a result, by the function of ‘‘innervation” 
also. We know so little concerning the conditions deter- 
mining the function of relation in tlie lowest organisms, 
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that we coiild not, with ease or certainty, emidoy this 
particular function to illustrate the process of specialisa- 
tion tlirough its various stages. At the same time, we 
are not at all inclined to l^elieve with those who assert 
that the comparison between the function of relation in 
the highest and in tlie lowest animal organisms is one 
hardly fair or admissible. We do not doubt that such 
forms as the A imrha and Juyniminifera ])ossess a general 
sensibility in lieu of the more h)calised sensations indica- 
tive of and dependent upon tin* presence of a distinct ner- 
vous system. This idea is strengthened, as will here- 
after be shown, by the results of rc(*ent investigations 
into the nature of bioidasm ; ” and we appear to be on 
the verge of the demonstration of the elements of a sen- 
sory apparatus ev(m in the lowest organisms. 

There is certainly notliing unreasonable in tlie idea 
that the lower animal organisms possess means for carry- 
ing on the function of innervation ; these means being 
l)resent and exenased, in an imperfect degi’ee no doubt 
when com])are(l with tlie definite nervous ajiparatus of 
higher forms, but partaking, in common with tlie other 
systems and functions, of that general want of specialisa- 
tion which we have seen to characterise the ProUcoa 
geuerally. 
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Morpliologioal Differences Letweeii different Organisms — “Morjdic- 
logical Ty]»es : ” their Natnve and Constitution — Definition 
and Consideration of the Six Types or Sul »-king< loins : Pnt- 
to/oa, C!adenterata, Eeliinozoa or Aiiiiuloida, Aiiiiulosa, Wol- 
lusea, Vertebrata. 

Ttie (liffbrences betwo.on dilbireiit organisms wliicb the 
study of Moiyhohxjy brings to liglit arc collectively stated 
under tlie tenii “ Morphological Types.” A careful sti ly 
of the structural relations of animal forms has revc^alod ti. ' 
fact that the entire animal series may he divided into six 
great types or plans of structim^ ; in other words, everj" 
animal, considered in relation to its form or morphology, is 
referahle to one or other of those six primary types. Ac- 
cordingly, wIkui we say that two animals Ixdong to the 
same “ moi’phological tyjie,” we mean that tlicir bodies, 
however diverse and unlike in external appearance, are con- 
struct(;d or built up ou tlu^ same ])rimary structural type 
or plan. And the iiitiuciice of this imjiortant generalisa- 
tion on tlie ju'ogress of natural science cannot be too 
higiily estimated. 

Agreeing in fundainenta] structure, liowevcr, it does 
not necessarily follow that any two forms should also 
correspond in the degree to which the specialisation of 
fumdious ” is carried out in the economy of each. Hence, 
having ascertained tliat two forms agree in being built up 
on the same fundamental plan, we may employ tlie 
physiological means of the “ specialisation of functions ” 
to separate and distinguish diflerenccs between them. 
We may thus tiscertaiu that a crab, an insect, and a worm, 
belong to the same “ morphological type ; ” hut a very 
slight examination of these forms will suthce to show us 
that the degree to which the “ specialisation of functions ” 
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is carried, differs materially in the three cases. We should, 
therefore, in conformity witli our two principles, place 
them morpholoyicalbf in the same “ morphological type ; 
whilst jihysiolugicalhj we should assign each a higher 
or lower place in the type, according as its functions 
were specialised to a greater or less degree. These con- 
siderations, if borne in mind, will greatly assist us in form- 
ing a correct idea of the principles of classification. 

AVhilst every animal is thus the resultant ” of a mor- 
phological tendency on tin* one hand, and of a physio- 
logical tendency on the other, it is exceedingly difficult 
to give any accurate or absolute definition of wliat is to be 
regarded as a true or exac.t “ morphological type ; ” nor 
are zoologists entirely agreed as to the correct constitution 
of certain types ” generally recognised as such. All that 
need be said, however, on this point, is embraced in the 
idea that similarity of fundamental struc.ture, as revealed 
by morpliology and development, is sufficaent and requi- 
site to constitute a morphological type.” 

According to tlie most generally re(*.eived and a(*.cepted 
ideas, six primary types or })lans of structure are to be 
defined in the animal series. Tliese types, under the 
name of “ sub-kingdoms,” are employed as a basis for our 
modern (classification of the animal and plant worlds, as 
will be hereafter shown. In the present instance, an 
enumeration of tlie chief characteristi(cs of each type will 
serve to familiarise the student with the great divisions 
into whicli tlie animal series is divided, and will also aid. 
him in the consideration of systematic questions and 
arrangements. 

The animal world is therefore divided into six morpho- 
logical types or “ sub-kingdoms.” These, commencing 
with the lowest in point of structure, are respectivel}"^ 
known «as the (1) Protozoa, (2) Cadenterata, (3) Echiuozoa or 
Annuloida, (4) Aniinlosa, (5) Molkisca, (G) Vertehrata. 
The accompanying illustrations and diagrams will serve 
to fix the chief structural points of distinction on the 
mind of the student ; and it may be remarked that a 
correct idea of the “ plan ” of each type, as diagram- 
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matised in the figures, will be found of groat value in 
assisting tlie niiiid to recognise and retain the essential 
characters of the respective types. 

I. Protozoa (Fig. 12, A). — As implied by the name 
Protccoa (protosj first ; ^^oon, animjil), tlie forms included in 
this sub-kingdom constitute the most lowly -organised series 
of tlie animal world. For the most part the rrolozoa are 
aquatic and of microscopic size, and they may exist either 
as simple and single animals, or in a compound state. 



^\ i *. 12. Morpuoumucal Tyi’Kk. 

A, Dia^rarmnatif <»f Protozoon : a. iiuclouH ; //, < (>iitra<'tili> vosic.U*. B, 
Tliin (»l‘ ('(i.lrut'nitr: a, (‘ctcMlerm : //, ciKlddcnii ; v, tiMitacltts ; d, 
month; c, stoninch : / /, l«)dy-(;avity. C, Plan of Krhhiozoitn : a, 
mouth; h, stoma;-h ; <*, intr.stim* ; d, anus; <, iKuly-cavity ; /, lu-art 
ami hhiod system ; </, unrvous system ; Ji, u ater- vascular or ambulaci'al 
system ; i i, wall of bovly. 

Their bodies arc composed of the structureless albuminous 
material known as “ bioplasm,” “ sarcodc,” or “ prt)to- 
plasm,” and they exhibit throughout a total absence of 
“ symmetry,” that is, a definite arrangement of the parts 
or elements of form. The Protoxod are generally desti- 
tute of distinct organs of nutrition, circulation, respira- 
tion, and innervation. Their reproduction is sexual, or 
may be effected after asexual methods, as by gemma- 
tion ” or “ budding,” and by simple “ fission ” or division 
of the body-substance. In most, if not in all, a solid and 
more or less central partude, concerned in reproduction, and 
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termed the ‘‘nucleus” (Fig. 12, A, a), is found. The 
“ nucleus ” may contain a smaller partic^le known as the 
“ nucleolus.” The ultimate constitution of the bodies of 
the Protozoa^ as revealed by histology, is gcmerally “ uni- 
cellular; ” that is, consisting (►f a single and sim})lo “ cell.” 
The diagrammatic “plan” of the l*rofrozoa (Fig. 12, A), 
might therefore be characterised as being no i)hin at all ; 
since the group is distinguished, as we have just seen, 
rather by its want of definite and positive charaiders than 
by the j) 0 ssessi()n of such distinctive featin-(‘s. An irregu- 
lar ink-blot, in this respect, might, with the addition of a 
nucleus, correctly enough express tlu^ architectural plan 
on which th(‘. bodies of the Protozoa are built up. 

Table of the Divisions of IhtoTozoA. 

Class 1. — (Iraja ri nida. E.v. Cregsirina.. 

,, II. — Wdzopoda. Ex. (Kig. 1), Eoruniinircr.'i 

(Fig. 2), Ibuliolariu (Fig. 2). ^ 

,, III. — Sp(nnji<h(. Ex. Sponges. 

,, JV. — Itf/uftoriif. Ex. l^aniiiKcciuin, Yoiiieella, etc. (Figs. 
6 and 22). 

II. CcELK.iNTKHATA (Fig. 12, 1>). — Tlic forms included 
in this sub-kingilom, or type, are jadmarily distinguished 
by the fact, that in all, the general ca^'ity of tln^ body, 
or “ somatic ” cavity (/), fretdy communicates with the 
digestive or alimentary fsystem (t<), when present ; the 
somatic, or body-cavity of the Cidmteraht^ being thus in 
free (‘ommunication with the outer world thrnugli the 
mouth ((/). This is simi)ly another mode of ex])n^ssing 
the fact that the digestive system (<) is but incom- 
))let(;ly specialised from the cavity of tin*, body (/). In- 
deed, the term CwEnfcrata itself, is meant to (‘Xjness tiii.s 
primary characteristic of the sub-kingdom. In this ty[>e 
of structure a distinct “ haemal ” blood-vascular, or cii' 
culatory system, is wanting ; and, save in a few doubtful 
cases, a “ neural ” or nervous system is also absent. 
In the tissues of most, if not of all CidcnicraUi^ certain 
bodies of variable, but generally of minute size, and termed 
“ thread-cells,” or “ cnidag” are. found. The function of 
these urticating or stinging cells is that of ofiensive or de- 
fensive organs, and by means of these bodies the CojPiderata 
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are enabled to paralyse or kill their prey. Histologically 
examined, the tissues of the Cadenterata are divisible into 
two primary layers; the outer layer being termed tlie 
eetodenn ” (<r), and the inner layer the endoderra ” 
(h ) ; and this latter membrane of itself may siil)servc the 
digestive function, or may become specialised to form a 
distinct stoinacli. True cell-structures, aggregated to- 
gether, and forming membranes, are thus ])resent in the 
Cwlentmifa ; this condition forming a striking contrast to 
the general unicellular structure of the Proimoa. Repro- 
duction in tlie CadenUraia may take plact; sexually or asexu- 
aily ; tiie process of “ gemmation,” or budding,” being 
seen very typically in the lu’csent instance. Lastly, the 
‘‘ symmetry,” or disposition of parts in the Codauferata, is 
of the radial ” description, but their bodies are also 
bilaterally ” arranged. The meaning and import of 
these symmetrical relations will be fully discussed in a 
future chaj)t(M-. 

Table of the Divisions of CVelentruat \. 

( G(i‘li‘nt('ratn, in wliit.'l) the digestive or 
I aliineiitiiry sae is nut separated froiu 
Class l. — Uij<lrozoa. tlie gcaioral (aivity of the body ; exh'r- 
! Hid ret>rodnetive. organs. Hydra 

I (Figs. 7 and 8), Medusa*, Seadirs, etc. (*tc. 

( (.'adenterata, in wliicli a specialised and 
I distijiet digestive sac is contained with- 
TT j f in, and freely eoininiinicatt*s witli tlie 

] Ixnly-eavity (rig. 12, ii) ; reprodiic- 
j tive lU’gans intfinal, J’J.c. Sea Aiie- 
I in ones, Coral Polypes, etc. etc. 

III. Echinozoa or Annuloipa (Fig. 12, C). — This 
third sub-kingdom possesses a double name, or rather is 
known under these two designations. Naturalists are by 
no means agreed whether or not the Echinozoa, should be 
regarded as constituting a distinct morphological type or 
suli-kingdom ; and certainly, when we consider the appa- 
rently heterogenous nature of the included forms, the ob- 
jection to its constitution becomes feasible and warranted. 
Yet it is one thing to admit a defect, but quite another 
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matter to remedy or imj)rovc it ; and although repeated 
attcmj)ts liave been }iiade to abolish the tyj^e, we have 
not, up to the present time, been presented with an 
arrangement snffieiently clear or satisfoetory to warrant 
us in disbanding the Anmdouhi, and gathering up anew 
the scattered members of the group. Although, then, 
tlie Echlno::oa may be considered Iw some authorities as 
a kind of “ refuge for the destitute,” in that it shelters 
certain forms which, apparently, would not be at home 
elsewliere, there arc not wanting those, on the other 
hand, who recognise the stable nature of the type, and 
who claim the recognition of the sub-kingdom, on tlie 
ground that it i)osscsses certain very detin ite characters 
of its own. 

These eharaeteristics arc, firstly, the complete sj^ecial- 
isation of tlie alimentary tract (6 c) froni the general 
or ‘^somatic” cavity of the body {c) \ the digestive 
system being now complete, and shut off from communi- 
cation with the body-cavity. In some Echinozoal forms 
a distinct digestive system may be wanting, l>ut in none 
do we find the communication between tlie dig(?stivc 
system and body-cavity so characteristic of the Ctden- 
tenita. A nervous or neural system ((/) is develoiied in 
all, and a Inemal or blood- vascular system (/) is vciy 
generally present. But the character of most importance 
in the Anmilolda^ and which seems to link togetlier the 
dissimilar forms included in the sub-kingdom, is tlie very 
general possession of a peculiar system of canals (/<) rami- 
fying through the body, communicating witli tlie outer 
world, and serving for the transmission of water ; from 
whicb latter fact the very ajiplicable name of “ wn.ter- 
vascular ” system has been given to this arrangenumt. 
This system may be made subservient to locomotion, or 
may ajiparcutly be excretory in function. But its almost 
invariable presence, notwithstanding diversity in function, 
argues strongly for its recognition as a character of the 
group. Eeproductioii in the Eclmiozoa is generally of the 
sexual variety, although there are instances in which tlu^ 
process may more or less partake of the nature of an 
asexual act. 
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The disposition of the symmetrical elements in the young 
and in the adult stages of the more tyjncal Echimma show 
a wide dissimilarity ; and, indeed, partly from tliis feature 
in their devclo])ment, the idea of ranking these fonns as 
a subdivision of the Aimnlone t}q3e has, I believe, chiedy 
sprung. The term Anmdoida, it may also be mentioned, 
has been a.j)plied to this type of structure, from the same 
idea of similarity to the next and higher sub-kingdom, 
that of the Annulosa, from which, however, the Ecldno::oti 
arc to be carefully distinguished. 

The class Ech.inodcnnaUty represented by the >Star-iishes 
and Sea-urchins, constitute the most typical group of the 



IM, Din in.oj'.MKNT OK KriuNoiiKini (after Muller. 

A, Karliesi stage of enibryune. or larval form, showing a, month ; h, 
stomach; c, intestine; anus ; <•, ciliated sjiheres. It, Fater stage 
of A : «, mouth ; V, intestine ; c, ciliated hands. C, Further stage, 
.showing larval form known as “ I'lutcus (f, month : h, stomach ; r, 
intestine ; tf, calcareous skeleton. D, Form of true embryo or " Imago' 
evolved from the “ lU’ovisiimal larv.a.” 

siibdvingdoin, and it is therefore in thtise forms that the 
analogies of the tyjie arc to be traced. The development of 
the young Eddnodcmi, therefore, ])resents us with a very 
characteristic phase in the special definition of this par- 
ticular division of the sub-kingdom. The egg of the 
Echuioderm is first observed as a free and active embiyo 
(Fig. 13), usually ovoid in sha^ie, and ])ropelling itself 
through the water by aid of the cilia, or liair-like fila- 
ments, with which its body is provided. In this state it 
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appears to resemble miicli the condition of an Infusorian 
animalcule, but soon the more important phases of de- 
velopment set in, and the cilia next present a more 
definite arran^^cnient, and a^^pear to form several trans- 
verse bands (Fig. 13 , A, e) disposed on a body which is 
now bilaterally symmetrical, that is, equally disposed or 
arranged on each side of tlu‘ mesial or middle plane. At 
this stage of development the lx)dy may be provided with 
lateral processes or ajqjendages ; and, gcni;rally, wc find a 
calcareous or limy skeleton (Fig. 13 , C, d) developed 
within tlie embryo form, which serves to sti'eiigthen and 
support the rudimentary body. And with the further 
development of a distinct digestive s3\stem in the larval 
form, the first stage in its progress towairds maturity 
may be said to close. 

The next ami concluding phases of develojuucnt consist 
in the curious production of the adult form from within 
the body of this embiyo, or “ provisional larva ’’ (Jiipin- 
nariiij or Pluteus)^ as it has been called. The up])er sur- 
face of the (aiibryo now becomes involuted, or drivmi in 
upon itself, so as to assume a tubular form ; and grow- 
ing inwards and into the interior of the larva, this 
tube finally terminates to form a circular vessel, which 
encindes the (esojdiagus or gullet of the larva. 80011 this 
rudimentary and :’apidly-foriued tube and its addenda 
become converted into the main trimks of the “ anibu- 
lacral ” or water-vascular ” sj^stem, and from tlie ger- 
minal matter or “blastema” deveh)])ed around this tubu- 
lar formation, the walls of the body, the charactiiristic 
skeleton of tlui adult, and the other systems of the full^'- 
grown Echinoderm, are in due course formed (Fig. l.’b 
D). The larval form itself, at the expense and from tlie 
material of which this new body has been constructed, 
is cast off* from tlui new lieing, or its remaining parts 
may be employed in the further elaboration of the p(‘r- 
fected form. The symmetry or shape of body in the 
adult is distinctly and characteristically “ radial ; ” that 
is, the elements of its form are arranged around a (;om- 
mon central point or axis. But, as we have noticed, the 
symmetry in the young and larval fonn is bilateral ' A it 
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is this remarkalilc change of form and its analogies which 
have induced some observers to classify tlic Echinozoa 
with the Amndoini, 

Whilst, therefore, recognising the distinctness of type 
in the Ech.rnozoa^ we will form a fuller arul truer estimate 
of their rehitioiis if we keep in remembrance the points 
already stated^.witli reference to their affinities witli the 
1 1 i ghe r sub-kingdom . 

Table of Divisions of Eciitnozoa. 

Class I. — JCchimulermnta . — 1 )(*v'(‘lopiii(‘]it of an (’A tmial 

or “shell,” formed generally of calean'ous m.aUer, 
Imt sometimes dcd’ ex»ria<'(*on.s or leathery texture, ; 
water-vasenlai- system eommimieating with extei'ior, 
and generally suhserving loeomotion ; syinnu'tiy of 
larva or embryo bilateral (Kig. lo), that of adnlt 
“radial.” LV. Kehini or Sea-urcldns ; Star-lisluvs ; 
Crinoids or S(‘a Lilies ; Sea Cuennd)ers, (de. 

Cl.\ss 11. — Scoirrida. - No ealeareons int(‘gmiien{ ; watei-- vasendr.r 
system not subserving l(M'oniotion, but in all jiroba- 
1.)ilitv exere.tory ; liaunal system imperfeet or want- 
ing ; neural system in form of one or twf) ganglhi 
or “nerve-masses;” symmetry llatlemal, bilateral, 
or rounded, in sonii- eases a]>proaehing tin* s(*g- 
luiMited tyi>e. E.f. Ta]K*wuruis ; Fluk(*,s ; AVheel 
Aninndeules \^Fig. tl), ep-. 

TV. Annulosa {Arfi.riiJatd) (Fig. 14). — 111 the con- 
sideration of this type of structure we are to a great ex- 
tent free from tlic puzzling (piestions of affinity wliieli 
beset the Krh.uio::n't.. Tlie body in Annul am is ty])ically 
and ebaracteristically eomjio.sed of a series of joints, seg- 
ments, or “somites” (Fig. 14, 1), disposed along a longi- 
tudinal axis— tliat is, arraugiid one after the, other. Each 
somite or segment is essentially the ty])e of that Avbich i»re- 
cedes it, and the yirototype of that wbieli follows it ; the 
“ appendages ” of tlu', segments lieing those parts which 
evince wide and iinirk<‘(l differences in fmietion or analogy. 
In the AnnnJosd, then, is typically^ seen the arrangimient 
known as the “ vegetative or correlativfi re])etition of 
parts ; ” an expression ccniveuiontly indi(;ating that marked 
resemblance of i>arts in the animal economy to each other, 
ments, . 
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whicli is typically exeniplificcl in the obvious repetition of 
form and symmetry in the parts of jdants. It is needful, 
however, to distinguish in practice between the nature of 
mere “ parts,’* so rei)eated, and distinct individuals.” 
Thus the segments of a worm repeat each other, and 
exemplify the expression just noticed ; but this is entirely 
different from the repetition of forms ” in the case of 
any coinpoiind organism, such as a Sea-mat (Fig. 0, h) or 
Tapeworm, in Avliich the elements repeated are true indi- 
viduals,” and not mere “parts ” of a single. “ individual.” 


(If 



Fig. 11. MoiJi'iTor.ooir.AJ. TYrF,!=i. 

1. Fi.agrannnntic longit tidinal sr.ciidu of Ainnditsf' anininl ; n, l)loo(I or 
iin'iiijil s>'s1<‘iii : //, digosl ivc .systrm ; r, neural or ncrx'oiis system. 2. 
XiM’voiis system of A n n ulnsc animal, viewed fr<>ni adove, and showing 
the <tonl)le ventral nervous e.liain. Transverse se<‘.tiun <4' A iiniihise 
animal : n, Flood system; />, digestive system ; e, nervous s\st.etii ; dd, 
gills or Fi'eathiiig organs ; e c and f J\ “ oars ” or loeonedivi' organs. 

The symmetry in the present instance, is of the kind 
we term “zomil,” a name api>lied in allusion to the evi- 
dent “zones” or segments of wliit^h tlie body is com- 
posed. Ihit united with the “ zonal” symmetry we liaAi' 
also “ bilateral ” symmetry, since we can divide the body 
into an ctpuil right and left half. 

The “ pkin ” of the structural arrangement is also very 
distinct. The heart (a) is situated dorsally — that is, on 
the back ; whilst the nervous system (c) is placed on the 
ventral surface of the body, or nearest the ground, when 
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tlie animal moves ; and between these two systems, and 
tlius occupying an intermediate position, we find tlie ali- 
mentary or digestive tract (h). In every Annulme animal, 
then, tills disj)osition of parts prevails, but it is certainly 
to the peculiar form of the nervous axis that we must 
look for a distinctive character. Viewed laterally, as in 
a vertical section of the animal (Fig. 14, 1, o), made 
lengthwise through the mesial plane, the nervous axis of 
the yLom/oxa would appear to consist of a single series of 
ganglia or nerve-knots ; but when we look down upon tlui 
floor of the body from abov^e, in an ideal section showing 
this hitter aspect (Fig. 14, 2), we then observe tliat the 
nervous cord of the xinnulom. is typically double, and 
that two ganglia are disjiosed in each segmimt of the 
body, instead of oiu^., as seen in the former section. This 
double nervous chain is perforated anteriorly by the ali- 
mentaiy tract, around which, therefore, the nervous cord 
forms a, kind of collar — “ o*sophag(uil collar.” Sindi is 
the typic-al disposition of the neural axis in the ; 

and rcigarding it, the cliief jioints to be bonie in mind 
arc its j)osition and conformation ; the latter feature, 
indeed, forming, to Professor Owen’s mind, so marked a 
characteristic of the group, that he has ])ro])(jsed for the 
AnnidoMi the distinctive term of Jlomofjaniiliafa^ a name 
(hmoting that the nervous system is composed of similar 
and regularly-dispos(Ml ganglia. 

The further charaeders of the sub-kingdom are found 
in the relative position of the limbs, when these append- 
ages are pix'sent. They are regularly disposed in i)airs, 
and are turned towards the nervous side of the body, or 
that side on which the nervous axis is situated. 

Table of the Divisions of Annulosa. 

Section A . — A u'f rfh rnjmla — destitute of jointed limbs 
artieubited to the body. 

Class 1. Orphifrm — Spooinvorms. 

,, 2. Annelida — Earthworms, Leeches, Sandwonns, etc. 

Section B. — Arthrojwda — Annulosa possessing jointed limbs 
articulated to the body. 
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Class 3. Myriapoda — CeiitijK'dcs, ]!ilill(‘})edes. 

,, 4 . Jusexta — Insects, Klies, Ileetli-s, Lice*, etc. 

,, f). Arachnhla — S}»idur.s, J\Iite.s, Scor})i(»iis, etc. 

,, (j. Cnuitiicea — Lobsters, Ci-al).s, Hliriinps, Woodlice, I'tc. 

V. Mollusca (Fig. ir>). — Tlie cdiief cliaracters dis- 
tinguishiiig the iircseiit type or sub-kingdom are found, 



I'Ml;. Moio’Hoi.ocical Tvcks. 

Dia^nuniiiJitic plan ol' MoUn.^r: a, mouth : h, .unillet ; c, .stoijiadi : d d, iu- 
kisliiie. ; aims ; /, licarf ; a, ;;ills : h, “ (•♦•ithalic ” f^aiiolia ; /. “ iicdtil ” 
ganglia. ; /.•, “ hraiicliial or “ ]»arioto spl;iiichiii(^ ” ganglia. ; I /, foot. 

firstlj^, in tlic aliseiice of distinct 8(‘gment{dioii and serial 
appendages ; st'condly, hi tlie gimeral presence of an 
external ctdeareoiis sujjport or ‘‘ slndl ; ” and, tliirdly, in 
the eliaracteristitadly irregular disjiosition of tlu‘ nei’vous 
system, llesides the.se jaaiicipal cliaracteristics, several 
points of minor iinjiurtaiice are to be notiec'd. 

Tlie name Mollu.N(;a, (L;it. /eo/Z/.s-, soft) original(‘d \vith 
Olivier, and was a])])Iied to tli(‘ aninial.s included in this 
group, from the general snfhitss of their bodies, a h'ature of 
no distimdive value, wliieh is counnon, in a greater or le.ss 
degree, to tin', othei- divisions of tlie aiiiinal s(*ri(‘.s ; ami 
wliieh, moreover, from the g“ii(!ral po.s.se.ssioii by tlie d/eZ- 
/yrsca of eharaeteristii* //nnZ parts in their slndls, (tannot he 
said to he either .strictly or eorreetly apjtlieable to tlnmi as 
a distinctive jioint. Still, tin* name lias beim ridained, ami 
it serves, apart from its derivation, as well as any other, 
to designate this large and imjiortaiit group of beings. 
Firstly, the Mvllii;>ca do not exliibit any detinite 
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segmentation or division of the body, snch as we find 
in the Annnhm ; and this first point will at once serve 
to distinguish any Mollusc from any ordinary Annidosc 
form. 

A “ shell ” is generally, though not always present, 
and this exoskeleton generally bears a definite relation to 
the breathing organs of the animal. The shell varies 
greatly in form and comiiosition, and, as wc have remarked, 
may be Avanting in many instanccis. 

The fuiKitions of nutrition and reproduction in Mvlhisca 
usually exhibit a high degree of specialisation ; but it 
must also be borne in mind that the respiratory and 
ciixailatory systems may exist in a very rudimentary 
condition, or may be wanting altogc^ther. The aliment- 
ary tract {a h c d) is, however, always well (h'veloped, 
independently of the perfection to wliidi the hamial or 
respiratory systems may attain. Th(.‘ digestive tract in 
Mollusca is rarely straight, as in many Aouahsu^ being 
usually bent uj)on itself (Fig. 15), so that the anal o])en- 
ing {<’) is situated in j)roximity to the mouth (<i). The 
symmetry of the Mollusc is tyiucally of the bilateral 
description ; the e(pial or bilateral halves of the body 
existing on each sid(‘. of a median line, which, howcAW, in 
tluj ju'csent case is slightly curved. When separate' oigaiis 
of lo(.‘{ emotion are deve'lojeed, th(*y aw. of soft character’, usu- 
ally single, and })laced in the middle line of tlie body (I 1). 

Kcjeroduction in Molhn^ci is generally se^xual, but in 
a, fcAV instances the asexual method, known as “ gemma- 
tion,” or “ budding,” is to be notici'd. In most of the 
Mnlhiac.a tlie sexes are united in the same individual, but 
in many forms they are fouiM distinct. 

The disposition of the nervous system forms the last 
and most imi)ortant leatuiA'. to be considered in discuss- 
ing the distinctive characters of the AlnJlusca. In the 
“ j)lan ” (Fig. 15) the neural axis {h i 1) of the Mollnsca 
is seen to be ii-regulaily disposed oAX'r the body, and this 
scattered condition of the ganglia or nerAT-centres has 
suggested to Professor OAven the term HeterorfunglUita ; 
a name used in opposition to that of Homoijamjliata^ AAdiich 
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latter term we have already seen to be applied to the Av- 
niilosa. In the typical Mollusc the nervous systcan consists 
of three chief pairs of i,ainglia, known resj)(ictively as the 
“ supra-resophageal,” or “ ceplialic^’ (h) ; the pedal ” (/) ; 
and the parieto-splanchuic,” or ‘^branchial ” {I'). These 
three great centres are coniieeted together l)y nervous 
cords, and exist, as their res[>eetive names ini])ly, in certain 
defined regions of the body. Q’lius the “ ,su})ra-a.\sopliageal ” 
or “ cephalic ” ganglia (A) a.n‘ situated in tlie region of 
the hi'ad ; the “jiedal” ganglia. (/) in tlie vicinity of the 
foot ” or locomotive organ ; and the “ parieto-splancliiiic,” 
or ‘‘branchial” ganglia (k), in the neighbourhood of the 
heart (/), gills (e), and adjacent viscera. This dis]H)sition 
of the nervous axis constitutes, therefore, a niarkcd dia- 
gnostic feature of the Alolluscan, type of structure. 

Table of the Divisions of INTollusca. 

Section A. Moll Kscdlda or Lour r Moll h sea. — Alolhisc:i in which 
a .siiigh‘ nervous ganglion, or single ]>air of 
ganglia, exists. I!ea,rt ahsent or rudimentary. 

Class 1. Pohizoa. — lie. Klustra, Sea-ina.ls (Eig. (J), (‘tc. 

,, ti. Tu.nieofn. — Kt‘. S(‘a-scpiirts, Sal])a, (‘tc. 

,, a, Jlrachifijnida. LJ.e. Tere.hratula, liUmp-sln'lls, etc. 

Section IJ. Moll u sea PnuH r or 1J!(jJ(fr Molla.^ra. — J^lollnsca in 
whi(di tlire(‘ ])rinci|)al ]»aii‘s ol‘ ganglia are ]»re- 
sent. Heart always well devi'lojti'd, and con- 
sisting at l(*as1 of tw(» ehandu'rs. 

Class 4. Lafoiellibraiiekiaki, — Oysters, t'ockles, jMusscIs, 
etc.. 

,, T). (laslerojiotlif. — K.r. Snails, Whelks, Sca,-L(‘ni()ns, ( tc. 

,, 0. ]*te.roji<nlf(. Kjc. “ Whale’s-lood,” Clio, Ilyahca, etc. 

,, 7. CephulviHuln. — Cuttle-iishcs. 

Veutebuata (Fig. 10).— The first and most distim - 
tivt‘ charactcT of this, the last and liigh(*st grou]) of tin 
animal series, is found in the iiossessioii l)y (‘.very V(;rlo- 
brate of a column or rod (a), generally of osseous or bony 
material, usually segmented, and known as tbe “ vote- 
bnd column,” “ si)ine,” or “backbone.” This (jobimn— 
from tlie presence of wliich tlie sub-kingdom derives its 
name — we find to be typically ])rovided with a numher of 
up])er or “ dorsal ” arclies, and a niiiiibcr of lower or “ veu- 
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tral” arches (Fi^ IG), corresponding aud related to the 
segments of which tlie column is composed. Tlie segmenta- 
tion of the column follows the same order and arrange- 
ment wc have already ohserved in the hocly of tlie annulose 
animal as a whole. It is thus composed of a scries of 
joints or segments arranged one after another in a longi 
tudinal axis. The chief nervous centres (h) of tlie 
brute are contained within the bony (.‘anal formed by the 
upper arches of the vertebral column ; whilst the ali- 



Kij'. 10. MoRi’iioi.oiiK'AJ. 'rvriis, 

Jliiif'raiimiiitif' iilan (tf \'erl»‘l»ratr. tyjK* ; << a <k Vortclu-al colmiiu or s]»in(;, 
till! nit)i(‘r ai’clK's of nliioli (Mu'lo.m- ilu* liraiii ami s)tinal cord ; h h h, 
“ ccrcltro-sjiijial ” nervous sysf cm or axis, consisting (»!' tlic brain and 
si>inal (!ord ; c c, digestiM* or aliniontaiy system ; U, anus ; r, lucnial 
or blood-vascular ovstcin ; ///, “ syni]iatludic. ” or “ ^anj;lionic ” ner- 
vous systi'iu. The dolU'd lines rcjur.scnt the lower or visceral arches 
of till! Mirtcliral column (rc|ucscntcd in cliicf by the iib.s), whicli en- 
close the general viscera of the body. 


mentary (c), blood-vascular (r), and otlier systems, are 
enclosed by the loW'Cr or ventral ” arches. The relative 
position of tlie vai-iuiis systtmis is the reverse of that seen 
in tlic Annulom and Molhusat ; und the ideal ‘‘plan” 
of tlie vertebiatc body (Fig. IG) therefore sho\vs us the 
nervous axis (/y) situated dorsally, the heart (r) placed 
vcntrally, and the alimentary tract (c) occupying as before 
a central or intermediate position. 

A clearer conception of this arrangement is seen in a 
transverse section of the Vertebrate body, and iu its com- 
parison (Fig. 17, B) with a similar section of the body 
of an Invertebrate animal (Fig. 17, A). Thus we find 


VERTEBRATA. 


8o 


that the Vertebrate body consists of two tubes — a 
“dorsal” and a “ventral” tube (p ^) — lying parallel 
to each otlier. The upper or dorsal tube, formed by the 
spinal column and its upj)er arch(‘s, contains the chief 
nervous centres (a-), consisting of the brain and spinal 
cord, and trom this feature the upper tube of the l^erfe- 
hrate has been termed tlie “ neural tube.” The lower 
or “ventral” tube, formed l)y the lower ar(*hes of the 
vertebral (*o]uinn, contains the organs jH'rtaining to the 
functions of “ organic life,” and ai^cm'dingly we find in 
this latter tube the heart (It) occnj>ying a ventral posi- 
tion, the alimentary canal (a) in tlie centre, and al)ove 
this latter, the niu’ves r(‘gulating the functions of organic 
life (n^), and collectively constituting what is known 
as the “ symiiathctic ” neiwous system. Tliis lower 
tube of the Vertchrafe (^d), from its containing tin', viscera 



17. OoMPATlATTYK MoRPriOT.ony OF VfPvTI; 1$I{A'I’I': AN'1> iNVFKTFI’.liATF.. 

A, Di.'i^ra.imnatic tr.’ui.svcrsc srpiiou of hnu-rlchnifr aniniiil : n, or 

iilinKMit.arj’ syslc?ii ; //, liu-iiial or Idood-v.-iscnlar systi iii ; ii, jinnal or 
nervous system ; p, walls of Inxly. JJ. Siinilai- seel ioii of i'rrtrhnttf. : 
a, aliiiientary system;*/, mdoeliord ; //, lia-mal system; ?*•, syiDj).*!- 
tlietie ]i<!i-vous system ; //-, cereln-o-spiiial nervous system ; jA, walls i f 
body ; p^, walls of neural or jierv<ius eanal. 

generally of the body, is sometimes spoken of as the 
“ visceral ” tube, being so termed in contradistinction to 
the up])er and “ neural ” tube (p“). 

The transverse section of the Itody of any Tnvertchrate 
(Fig. 17, A), on the contrary, shows us that it consists 
of a single tube only ; and that in this single tube, which 
corre.sponds generally to the “ visceral ” tube of the Verte- 
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hrate, all the orgi^iis of the body are contained. The 

neural ” tube of the Vertebrate (p-) is therefore entirely 
unrepresented in the Invertebrate body, and this specialisa- 
tion of the nervous centres is accordingly to be remem- 
bered as one of the most distinctive features of Vert'^- 
hratc organisation. 

The fact of every Vertebrate possessing, as i)reviously 
stated, a column or rod, generally of bony material, and 
usually segmented, forms a second character of import- 
ance. But it is to be remembered, at the same time, 
that all vertebrat(is do not possess such a structure in its 
entirety and perfection. A few of the lower members of 
the sub-kingdo}!! do not possess a vertebral column of 
perfect striudure, but in licai thereof they are provided 
with a rod-like striudure, termed the “notochord,” or 
“chorda dorsalis” (Fig. 17, B, d), which represents 
the vertebral column of higher forms in a rudimentary 
stage of develo|)nient. In such lower vertebrate foims, 
then, the dev(doi)ment of the column apj)ears to be re- 
tarded or abortiv e ; but, as cve^ry vertebrate animal in 
its early life i^ossesscs a “ notochord,” our first d(^finition 
might be more correctly rendcTed by stating that this 
latter structim* is thoroughly characteristic of all Verte- 
brata in the (unbryonic jxuiod of their existence. 

The formation of this “ notochord ” in the production 
of the Vert (hr ate form is exceedingly interesting, from a 
developmental ])oint of view. At an early stage in the 
progress towards maturity, the uj)])er part of the ovum or 
egg becomes elevated on each side to form two parallel 
ridges, enclosing a groove known to embryologists as the 
“ ])riiiiitive groove.” Shortly the margins of these ridges 
unite in the middle line to fonn a continuous canal, in 
the centre of the floor of which a rod-like body of cellular 
structure is develoj)ed. This rod-like body is the “ noto- 
chord ” (f/), whicli subsequent phases of growth develop 
in the highcT forms into the vertebral column, but which, 
in a few lower forms of vertebrate life, remains through- 
out existence in its primitive state. 

The symmetry of the Vertebrate type corresponds in 
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character to that of the Annulose sub-kingdom. The 
bilateral condition and zonararrangernent are both present ; 
the latter being typically seen in the segmented disposi- 
tion of the vertebral column, and to some extent in the 
body as a whole also. 

The verteljrate skeleton is tyjneally internal^ and this 
condition contrasts with that of the skeleton in invertc- 
brata, in which it is external to the body. The limbs are 
never more than four in any rcrhhmic^ and are supported 
by apj)endicu]ar elements of the skeleton. They are un- 
like the limbs of the Annulom in being so disposed that 
they are turned away from the region oi' the body in which 
the chief centres of the nervous system are ])lae.ed. 

The various systems of the body i)artake of the high 
degree of specialisation consistent with the ad\’anced 
character of the morphological type. It is Avorthy of 
notice, as a distinctive featun;, and one which contrasts 
with the analogous arrangement in the Invar id) nit a, that 
the msophagus or gullet of the Verkhrata d(.)es not per- 
forate the nervous centres, but deflects from the course 
of the nervous axis, and opens upon the side of the 
body opposite to the neural system. The jaws of Ver- 
tebrates, when present, arc always parts of tlicdiead, and 
are never represented, as in hwerfdrr cites, by modified 
limbs, or by hard structures developed in the lining mem- 
brane of the alimentary or digestive tract. The heart, 
in every instance except one, is single, and there exists 
in all cases a closed system of blood-vessels ; this 
arrangement differing entirely from tlie imperfect circni- 
lation of many Inverkhrate forms. A certain portion of 
the impure or venous blood in the VertehreUa is collected 
into a large venous trunk, the “ portal ” vein, by wduch 
it is sent to the liver ; and from this supply of blood 
the bile is elaborated by the latter organ. Such an 
arrangement is purely characteristic of Vertebrate forms. 

Reproduction in Vertebrates takes place only by sexual 
methods ; and the sexes are invariably situated in 
different individuals. 

Lastly, in the development of the Vertebrate ovum, we 
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can trace many points of peculiar and distinctive 
interest. We liavc already seen how the characteristic 
features of the Verfehrate type, in the formation of the 
chief nervous centres, and in the development of the 
notochord, arc discernible at an early period in the life 
of the embryo. Another and final feature of dtweiop- 
mental interest, consists in the presence, in the embryonic 
stnges of every Vertebrate^ of a series of openings or clefts, 
borne on the sides of the mouth, and known as the 
“ visc.(Tal clefts” or “arches.” Tlieso, in the case of 
fishes and some amphibia, retain throughout life some- 
what of their embryonic nature, and bear the “ branchiae ” 
or “ gills ; ” whilst in all other verb^brates they become 
ol)liter.‘ited, and thus subserve no function or ]nirpose in 
the life of these higher forms. Their universal occurrence, 
as embryonic structures in all Vertehrata thus forms a 
feature worthy of mention in defining the tyj^c. Various 
systems of classification of this important sub-kingdom 
have b(5en ])ro])osed, but it may sutlice, in the present 
instance, to sini])ly enumerate tlie classes into which the 
Vert{‘brata, by (jomnion consent, are divided. 


Table of tlie Divisions of VKiiTinuiATA. 


< 'lass 1. /V.src.s’ or Fislu's. 

„ 2. yl/z/jy/zZ/yc/— Frogs, etc. 

,, ?). ItrptUa — TJe])tiles. 

,, 4. yl ms’— P)il-(ls. 

,, Mannimls. 


JiH'atlie. by gills alone ; or 
by gills ill combination 
with lungs. 

Kever breath o by gills, but 
by lungs exclusively. 


It may be further niiinirked that the enunKiration of 
the characters of thesti great “ Morphological Types ” 
will, if correctly appreciated, aid us in a great degree to 
the jiropor undei’standing of many iin])ortant and subse- 
quent <]uestions, but chiefly that of the modern system 
of zoologic.al classification, in which, as al ready remarked, 
these morphological types, under the name of “ sub- 
kingdoms,” figure iis the great primary groups into which 
the entire animal s(uues is divided. 



OHAPTEll VL 


DilTeroncps nnd lK‘twe<‘i! Pin ts aii<l Ore.-ms— “ HoTiioloji^y ” 

and “ Aiia]()L,'y ” — Delinition of lloiuoloinry, and Illustrations 
of “ I.loiMolo|^uos ” — Modes of Invest i^ijatiii.!^ I loniolojjjies — 

Serial and liateral Iloinoloj^y Analo;„^y — Delinition — Kx- 

ain|)les of “ Aiialojjjnes — ‘‘’Balancin'.': of Orij^ans ” — Corre- 
lation of (riowtli and Stnietnre— llonioinoriiliisni-— Miniiery — 
Syninietiy of Animal Forms — llelati<ins of Symmetry and 
Homology. 

TuRNiNft liis attention to the more intimate relations 
M'liicli exist between diffenait tinimal or v(\<;etable forms, 
the naturalist seeks to establish eertnin ]>rinei])les sub- 
sidiary to those broader ones we have just been eoiisider- 
ing, and by means of which he investigates the relation 
between {tarts or organs in the same organism, or between 
parts and organs situated in dideient organisms. Tn tlie 
consideration of these latter distinctions we narrow the 
cin^le of our n^searcli, and no\v confine our attemtion to 
what might a])])ropriat(‘ly enougli Ite termed ])(M!uliariti(;s 
of structure and fimction in individuals or groujts of 
individuals. ^Mle broad |)rinci{des establislied Ity tlie 
study »f nioridiology and {thysiology suffice to enable us 
to generalise. We still retpiire aids of mon^ jtarticular 
a{){)li(^atioii, which will assist ns in our more detail(‘(l 
examination of the constituent groups into which the 
rcs{^ective sub-kingdoms may be divided, or of those 
forms or individuals of whi^'h such grou{)S are com])osed. 

The chief subsidiary j)rinci{)]es which are derived from 
raorjdiology and {diysiology, are known res{)ectively as 
“liomology” and “analogy.” We sliall therefore coii- 
sider these two points in the first jdace, and thereafter 
briefiy notice several features which may be said to 
depend upon or take origin from them. 
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By ‘‘ Homology ” we express the relationship or con- 
nection between organs, jiarts, or structures, which are 
constructed on tlie same fundamental plan, or according 
to tlie same primary type ; whether these organs be situ- 
ated in the same animal or in difterent animals. Two 
organs exhibiting this relationship are accordingly said to 
be homologous,” or tlicy may be termed homologues.” 
And tlie relationsliip or connection so expressed is at 
once scon to be of a morpholoijical kind, since two organs 
to be “homologous” must be identical in “structure;” 
or, more correctly speaking, they must be identical in the 
fundamental or primary structure. AVe have tlius, in the 
present instance, nothing wliatev('.r to do with i\\Q functions 
of such parts or organs. The “ homologue ” possesses a 
morphological value only, and has no kinship, other than 
an a(x;idental one, with any physiological or functional 
relations. Identity or agreement in fundamental structure 
being the sole and principal characteristic of homology, we 
are prepared to admit, from the mere verbal significance 
of the word “ fundamental,” that homologous organs or 
parts may pnjsent variation in form ; and that in some 
(;ases to a very considerable extent. Indeed it is the 
recognition of these variations which has chiefly prompted 
the work of tracing homologies, and caused the necessity 
for the establishment of some such sure clue, in dis- 
entangling and unravelling the tangled skein into which 
animal and plant structures arc sometimes wound. 

A very superficial consideration of the structural rela- 
tions of animal forms will bring to light many prominent 
exam])les of “ homology.” Primarily indeed the members 
of any one of the great “ morphological types ” may be 
said to present among themselves a broad homological 
series, but it is the more suitable and peculiar province 
of homology to trace the structural relations between indi- 
vidual members of the type, and to thus narrow the broader 
limits and ext(aid the more intimate details of its working. 
As very obvious and patent examples of “ homologous ” 
organs or “ homologues,” we may select the arm of man, 
the wing of the bird, the fore-limb of the horse, ox, or dog, 
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the paddle of the wliale, and the pectoral or breiist- 
fiii” of the fish. All these inemhers are identical in 
structure. A very cursory examination would show that 
the fundamental parts are the same in each ; subject to 
variations in form and number perhaps, but leaving no 
doubt ill the mind that one stnudural ])Iaii pervades 
them all. In the arm of man (Fig. 18, A) the following 



A, Skeleton of the arm of inaTi : o, Immerns ; b, radius ; c, uljia ; il, e.u‘j)us 
or “ wrist iiiet:iear]»us or “imlm;”/, jthalaiii-fes or of 

liijfjers. U, Uoiies of the fore-le^ of thr horse: /i, greater eastt ra 
bone ; lesst^r ])astern~l)one ; eotlin-bone. C, Skeleton of the wimj 
of a bird : ;/, rudimentary thtimb. 1), Uones of tlie. ]>addle or anteri’ r 
extr(".nity of whale. E, Skeleton of the “peetoral” or “ breast-lii: ” 
of tish. F, Skeleton of fore-limb or win^ of bat : [/, rudimentary 
tliuinb. (The letters refer to the same parts as in the first figure.) 

parts are found. Firstly, a single bone, the “ liumeribs 

(а) , forming the upper arm ; then two bones, ‘‘ radius ” 

(б) and ulna ” (c), forming the forearm ; next, a series 

of small bones (^/) disposed in two rows, and forming tlie 

carpus ” or wrist ; then another series, forming the 
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palm of tlie liaiid, or metacarpus” (<■) ; and lastly, a ter- 
minal series, known as the “ phalanges ” or fingers ” (/). 

Examine now tlie skeletal elements of tlie fore-limb 
of the horse, ox, or dog ; that of the first-mentioned 
animal (Fig. 18, E) being probably tlie example best 
suited to our present purpose. We have no difficulty 
in at once recognising the humerus ” (^0, and the two 
bones of the forearm ” (h c) are still pi'esent ; but we 
observe how in the horse the radius (h) almost entirely 
forms this ])ortion of the limb, and how the “ ulna ” (r) 
so distiiKit ill man, has dwindled away to a more fragment 
of the siz(^ to which we might expect it to attain. Then 
succeed the bones of the ‘‘carpus” (d) ; but we notice 
in the dis])osition of the “ mctacarjais ” (c) and “pha- 
langes ” (/) a wide variation from the arrangement 
observed in the human sul>ject. On close (‘xamination 
we find that only ibur nndncarpal bones are represented in 
the horse. The first two repri'sent those winch in man 
support the ring and middle fingers, and tht?se in the 
horse an; united to form the single “ shank ” or “ cannon- 
bone ” (r). 'J’lien we oliserve the metac.arpal lione of the 
little finger, forming a mere splint-like appendage of its 
larger m.-ighboiir, tlie “ cannon-bone ; ” and lastly, the 
metacarpal binie of the fore-finger is represented by an 
attenuated piece, also apidied closcdy to the “ camion- 
lione.” The metacarpus has therefoi'e in the present 
case undergone a very considerabh; modification, but not 
so gi-eat as to rend(;r our id(‘ntifi(‘ation of its separate 
elements a matter of extreme difficulty. Next succeed the 
bones of the fingers or “jihalanges ” ( /), and in these latter 
parts still gr(;ater modification is met with. A single finger 
only — th(‘ third- -is represented in the fore-foot of the 
horse, and this solitary digit consists of three “ phalanges ” 
or pieces. The first phalanx or piece is composed of two 
phalanges united together, and in the horse this is 
named the “ great pastern ” or “ fetter ” bone (/’). The 
second })iece, or middle phalanx of the finger, is known as 
the “lesser pastern” or “coronary bone” (/"); whilst 
the last phalanx or joint of the finger (f^) is of expanded 
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and crescentic shape, and is knowji as the “ cofiin-hone.” 
In the fore-limb of the horse, tlierefore, we are presented 
with a series of deviations from the human ty])e of 
structure ; yet we have no diflieulty in at once determin- 
ing that both of these members are constructed on the 
same type or plan, and they are therefore “ homologous ” 
in the truest sense of tlie word. 

It would be needless to follow out in detail the other 
examples we have select(‘d to illustrate the princi])le of 
homology. A glance at the illustration, and an exjiniina- 
tion of the corres pom ling i)arts in each member, will 
demonstrate the adherence to the taiinaiy ty|>e amid even 
great modilication or alteration of structuri?. Thus, in 
the wing of the bird (Fig. 18, 0), the humerus (//), radius 
(6), and ulna (e), are rt^adily recognised; the distinct car- 
pal bones {d) are two in number only ; three nietacarpals 
{(’) exist — two being unitcal at their extrmnities, whilst 
the third is distinct : and tin; lingers (/) number three in 
all — two being lingcivs, and the third a small rudimentary 
thumb (//). Here the fundamental structure, seem in the 
arm of man, still prevails throughout. 

Similarly, in the paddle of the whale (Fig. 18, 1)), or in 
the bat’s wing (F), where we have the humerus (c) dis- 
tinct, the radius and ulna (h c) are readily recogniseil, and 
there is no diliiculty in distinguishing the “ (carpus ” (</), 
metacarpus” (<;), and “ phalanges ” (/). Or, lastly, in the 
pectoral or breast tin of the lisli (Fig. 18, E) w(; can still 
trace the homology of the lindj. The hunn;rus is gemu’ally 
rudiinentary, or may be wanting ; the, radius and ulna (h c) 
are usually to be distinguished ; the carpal bones (d) 
vary greatly in numlxT ; whilst there is little diliiculty 
in regarding the “ tin-rays ” {c /), as rei)resenting the 
‘‘ metacarpus ” and phalanges ” of higher forms. 

In the tracing of homologies there are three chief 
modes which may be either singly or conjointly pursued. 
The tirst and simplest of these modes consists in the 
dweet c.ciinLination and comparison of the organs between 
which we seek to tind homologies. Then, secondly, if 
this mode of examination fail to afford us the desired 
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result, we may trace tlic develoimmit of sucli org'ans or 
strnctiircs, and observe whether they may not exhi])it, 
in their earlier stages of growth, that resemhlaiujo and 
relationship wliicli, in their mature state, and from 
alterations in the progress of develo])inent, we f ul to find. 
Or lastly, we may re([uire to trace the organ through the 
examination of a long series of forms, and seelv in these 
latter to find succcaaive stages of <(7leration and clia.nfic^ hy 
means of wliicli we may connect the alx'rrant and alteri'd 
structure with tliat of the more tyi)ical and n'adily 
re(^oguised organ or part, 

A^ery hr icily lot ns exenpdify each of these modes of 
])ursuiug this juost important iiKpiiry. The eomi)arison of 
the fore-limhs of the mammal, bird, and fish, illustrates 
the first' mode of procedure. A simple examination and 
comiuirisoii served, without further investigation, to con- 
vince us of the liomological relationship which (‘xisted 
between them. 

'J’he se(*ond mode of investigating the homologies of 
organs is opened to us by the study of development ; that 
is, by watching tin* growth of tin* <»rganism, and obs(a*ving 
if, in its earlier form, it presents us witli a community of 
type and structure from wdiich the mollifications which 
jni//le us are aftc'rwards evolved. The bodices of many 
of the higher A/mndotia })resent us with veay familiar 
and execll(*iit illnstraf ions of this second mode of conduct- 
ing our homological iiniuiries. Take the lobster as an ex- 
ani])le, and try to trace the homologies of tlu', various seg- 
ments of which its body is compos(‘d. W o can readily 
demonstrate that all the segments of tin'- lobster’s body, 
and the a])pe.ndag('s of tln*-s(‘. segments, without exception, 
are constructed on an (exactly similar jdan, or an'-, in 
other words “ liomologous.” If we examine one of the 
sc'gments of the tail, we find it readily divisible into a 
‘M)ody ” and “ appendages.” The “ body ” of eacdi seg- 
ment consists of a ring-like structure, bearing two ap- 
pendag(‘s, and cacli of these latter is composcM.l of a little 
stalk (tarrying two flattened oar-likc i)ieees. This simple 
structure is ])artaken of by all the joints forming the 
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abdomen or tail of the lobster ; tlie Inst segment of all 
exhibiting a flattening and expaiisi(m of its appendnges, 
but being otlierwise readily reconcilable to the typical 
structure of the neighbouring joints. 

The front |)art of tlie body, however, ])resents ns with 
a totally diflennit strnctiirnl aspt^ct from tliat we have 
been investigatijig in the tail. The head and chest of 
the lobster are massed togetlier, and rhe v arious segments 
composing those regions are so united as a])parently to 
defy recognition or corres])ond(‘nct' with tlie strmdnre of 
the tail-segments. Y(‘t if we with care diss(M*t out and 
separate tin? united ])a.rts, we shall find tliat not oidy 
arc the segments which cuter into the formation of the 
head and cliest conformable to tluv typical ]>lau of struc- 
ture, but all tlie “ ajipendages ” of these segments simi- 
larly exhibit the same identity of stnudiire. AVe can 
thus d(mionstrate that even th(‘(yes, antimme, or “ftieh'rs,” 
the greater and lesser pairs ol‘ jaws ; the foot-jaws ; and 
the ordinary legs of the creatiirtg are constructed on the 
same uniform ]»lan, or ar(‘. all “homologous” organs. 
Thus then we learn the imjiortant liict tliat each of the 
twenty-one segiin'iits of the lobster’s body belongs to a 
common structural jdan ; and tluit the a])p(mdag(^s, how- 
ever diversified in function, arc also entirely homologous. 

Now we have herc^ an examiile, not only of how the 
progress of development tem-hes us th(‘, liomology of jiarts, 
but also of how it demonstrates and jiroviss wJiat a sinijde 
examination revivals. If we watcli tlu', dc'velojimeiit of 
the lobster, or of any I yincal member of its class, we. find 
that after the segmented nature of the body has bec.onic 
apparent, the a|)iHMidages are diua^loped ; those of tic? 
front jiortion of tlnv body jireciding the posterior segmeuls 
in the order of develojimeut. Hut more important for 
our present purpose is tin? fiict that all the a])p(mdages 
at first present a common jilan of striudun^. l^lach coii- 
sists, primarily, of the essential jiarts which wo sei; in tln^ 
tail-segments of the full-grown lolister, the subsequent 
phases of develojnncnt tending to modify the anterior 
segments and tlnur appendages in a great degree, whilst 
the posterior or hinder segments exhibit but a very slight 
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alteration from tlie primary and embr^’onic tyj>e. In 
other words, all tlio varied sc'^nicnts and apiu^iulages of 
the lobster^ — eyes, feelers, jaws, legs, and sw' .nerets — 
are rnen'ly modifications of a eommon strn j'al [dan ; in 
tlieir embryonic condition they are all tj.v,ictly similar to 
each oth(‘r. How has development assisted ns here ? 
It has sIjowu ns tliat tlie nature of homologies is in truth 
far mon> intricate and more closely bound up with tlie 
nature of the organism than at hrst sight we might 
tliiidc ; and it also baids to impress the fact, w ith which 
wo c.omimaK'isl our latter considerations — namely, that if 
we fail to trace the homology of organs and jiarts in tin? 
animal as a fully-formed iHMUg, we wall readily and 
satisliiclorily observe the community of structure in the 
embryonic form. 

Lastly, it may be fouml tlie most conviMiient mode of 
investigating this subject, to trace tin* modilicat ions of 
an oi-gan, or series of organs, through a su(;(!ession of 
forms, noting tlie various stages through wdiich the 
organ passes in its w^ay to becoim' mon^ ty])ical, oi', on the 
other hand, to deviate more widc'ly from the original and 
recognised ])lan. AVt' Hud in the swimming or air-bladder 
of the lish an excellent exam])le of the manner in which 
this last mode of examination may be imrsned. This 
organ is of very general ])r(‘sence throughout the class of 
fislies, and exists in the form least reconcilable with its 
homological relationshij> as a bladdi'r-like body, tilled 
wuth atmosplna-ic. air or certain gases, and situated iK'iieath 
the spine of the fish. Its fumd.iou is that of altering the 
sp(Haiic gravity of the fish, and, l)y rendering the animal 
heaviei or light(n\ enabling it to sink or rise in the 
whaler. Now' this swimming-bladder is lionnvlognus wdtli 
tlie lungs of the Mammal or higher Vertebrate, and at 
first sight no tw'o structun*s eaii be conceived wddeh arc 
more unlike to each other than these. The ]ires(‘nt, 
therefore, is a cas(5 in wdiicli we determine the homologies 
of the organ by tracing it tlirougliout the grou]), and hy 
following it th](.)ngh its variations and (Icvelopiiuait, until 
W'o pci'ceive its n‘lati«»nsliip wdth the tyidcal organ to 
which w'c have asserted it is allied. 
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The air-bl;i(l(ler is hj’ no means universal in its occur- 
renee tliroug'liout tlie grou)) of fishes. Imleed some 
fishes, to Avhicli it Avonld M])jK‘ar to he of most service, are 
destitute of it ; wliilst otliers wliich possess it could ap- 
parently, in their liahits and ui'mIo of life, dispense with 
its presence. Yet this at first .^ight iiu'Xplicahle faet, is 
at onc(* ex])lain('d hy the enn>idera.tinn that we are not 
dealing with any mere ein]*incal law, l-nt with a dei'p- 
seat(‘d ])rinciple, in which mere exceptinnal instances of 
occurrence or ahseiice of stncM iio's an' of little moment 
or import, in the thee of an ultt'rior seheme of jii'ogress 
towanls nnitv ot‘ type <»r ])lan. 

We start in our lioniolugieal journey with the simt)le 
closed air-l)ladd(‘r of many lishes. . Th(‘ first step pi'rceji- 
tihle in the direction of the lung is tlie presence, in some 
fishes of a. duct or tube leading from the air-bladder, and 
opening at tlie iptjKT and l»ac.k part ol‘ the throat of the 
fish. This “])neumatic, duct,” as it is calh‘d, is soon 
perceived to l)c the early re]>reseiitative of the “ trachea” 
or windpip(‘ (T tin* highiT viTti'brati* ; and wv. notc^ this 
fact, not only from its position as n'gards th(^ gullet, but 
from the poss(‘ssioii liy eertaiu fishes of a nidinu'ntary 
larynx or organ of voice. Already the examination of 
forms is assisting onr tracing of homology, and wc liavo 
now adva]ice<i fnnn the shut and closed sac to a structure 
not only exhibiting divisions of its snlistance imitative of 
the double nature, of lungs, lint also providt'd with a 
“traclu'a” or wind]uj)e, and a larynx in a rudimentary 
state of development. 

A fnrtlier stage shows ns forms in whicli not only the 
external division of the air-bladder iuid(‘rgocs an advances 
but where its internal surface becomes essentially of 
lung-like structure, and when; the vasenlar arrangement s 
also partake; of the nature of those seen in the true; limg. 
And so we latterly find tin' swummiiig-bladder actually 
transformed iuto a lung, and jierformiiig, in the economy 
of certain forms, all the functions wdiick pertain to that 
higher type; oi' respiratory organ. This latter mode of 
tracing liomologies will bo found in laactice one of the 
n 
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wliicli is applicable to only tlie sii])erfi('ial condi- 
tions of an oixanisin, and wlii(di does not at all suffice 
to ox])laiii, or, indeed, agree witli, the internal disposition 
of organs or parts. For altliongh an animal may a]>pear 
“ bilaterally symmetrical ” Avheii viewed externally, yet 
its interjial symmetry, or tlie arrangement of its internal 
parts, may Jiot, and generally does not, ])rt‘sent a. simi- 
lar and bomologons arrangement. And wben we 
fartlier ndlect that, in a body exhibiting externally this 
‘‘ latei-al homology,” vre may lind organs singlo in nature, 
and disposi'd to one sid(i more tlian to the otlier, it be- 
comes evident that the the<ny njxm which the existeuee 
of a lateral homology” is based, is not of an nnr[nestion- 
able or satisfactory kind. Then tlie th(M)ry is also insnf- 
lieient to account for or explain the conditions in virtm’ 
of which c(‘rtain <le(‘p-s(‘ate(l and normally symmetrical 
organs become asymmetrical. ^Vhy it is, for cxanpile, that 
OIK! lung b(M!onies shrivthU'd nj), abortiv(\ and fumdlon- 
ally useless in most snakes, or that the right ovary and 
oviduct (Thirds is gem'rally waiitiiig or rudiimmtary, we 
cannot tell ; nor is th(! ))r(!snmj*tion of ]\[r. Sjxuua'r’s 
‘‘external conditions” at all avdeipiale to (‘X])lain the 
(tause of such phenomena.. Or even, in the case of ex- 
t(‘rnal appemdages, such as the great “ chela' ” or claws 
of tin* lobstc'r and ln'miit-cral), where we «>bs('rve that 
one claw is develop(‘(l to a grc'ater (!xl('nt than the other, 
the theory cannot be said to render tlie eanse of this 
asymmetrical and sipu'rlicial condition plain or aiiparent. 

.H(‘n(T, althongh the term “ ]>ilat(‘ral symnu'try” may 
b(‘ (conveniently used to expniss a. sujiertidal character in 
the cxteiiial form of animal organisms, it eajiiiot lie lield 
to njqly to the eoiiditions or arra,iig(mieiit of deep-seat('d 
structures. And so far from tlie “ (‘.xU'.riial conditions” 
of the evolutionist being ])rov(!d to be the cae.sr of the 
‘‘ lateral homology” seen in any organism or organisms, 
tlie mere s('quenc.c between the homology and such con- 
ditions has not heen made plain. It apix'ars much more 
probabh' that tlio symmetrical disposition of superticial 
or deep-seated oi-gans, or, on the otlier hand, their asym- 
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metrical aspects, are subject to laws similar or analogous 
to those which regulate the growtli and development of 
the organism as a whole. At the same time we must, of 
course, hold Mr. S])em*er’s theory in connection with the 
views and ideas, whieli, as a believer in the evolution 
of now forms from ])re-existing sjuvies, lie jaomidgates 
and suj)])orts. 

We have dwdt thus at {'oii.sidcrahlc huigth on the 
f{ue.stion of Homology, and its use in tlie dilferentiation of 
animal structures and forms. Wc must mhe carelidly, in 
tlie lirst instance, tliaf the aim of homology is to di'inon- 
strate the structural khmtity of parts or organs, which an^ 
constructiMl on a common fundament :d jhan. Tlum, 
secondly, that homology is traced and exists iiuh'])cnd' 
ently of the. fuacfiniia or usi's of such organs, as W(‘ shall 
presently ol)serve. And, lastly, that we may trac,e homo- 
logies b(‘tw(Hai tin* ] Kills of diHerent animals, or helaveen 
tlie jKirts of the same aaiimal. 'J’he fornuT a.s])ect of the 
.science Ave may term “eoinmon” liomology, whilst tli(‘ 
latter Ave may designate ‘‘ individual ” liomology. ( >1“ this 
last-mentioned division “.serial ” homology is a braTich ; 
and fuilher research may add to lh(‘- modi‘.s by Avhich we 
may in the future i>e tmabled to investigate tln^ I'datioiis 
between parts or structure.s in the individual organism. 

Although of subsidiary im]K)rtance Avlun consi«l(‘red in 
relation to homology, it is a.t th(‘ saim^ tinn' (‘ssmilial 
that Ave have correct notions (»f “ Analogy.'’ Homology 
Ave know to mean identity in fumlaim'ntal stnicliiri*. 
“Analogy” we may <h‘iinc as identity in fihirihni. W(' 
thus observe, that Avhilst homology cxpu'ssed a morjh<»- 
logical distinction, analogy ex])resses a plrifsiohniirfU one. 
Two oi’gans, 1o be “ analogous,” must tliereldi'(‘ jierform :i 
similar l’micti<m in tin? econ<»my of the org.anisni ororg:i:i 
isms in Avliich they are .situated. It is not at all esseu 
tial t<^ a e(»rresi)ondence of aiialogi(‘S that their .strec/ ov 
.should be .similar. In other AVords, homology may (‘xist 
Avithout analogy 3 or, rier rrrsa^ two organs may b(i analo- 
gous Avithout of necessity being also homologous. At the 
.same time, and although tlie.se conditions are entindy 
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inflepeiidcnt of each otlior, we may find organs to be in 
themselves botli liomologons and analogous. They cor- 
respond in the latter ease, both in fundaniental structure 
and in function. 

As exainjdes of analogous organs, we may seh'ct the 
wing of the bird and tliat of the butterfly. Both ])ossess 
the same fnnetion— that of serving as organs of flight. 
They are, however, purely analogous, in that tliey have 
no homological relations whatever. The struetnre of the 
one entirely differs from that of the other. Similarly, 
there is no homological hleiitity between the jaw of a 
lobster or insect and that of a. manunal. The former is 
merely a modified lunb, whilst the latter consists of a 
distinctly d(U'eloj)ed ]>art of the head. Y(t the two 
organs ar(‘, clislhntly analogous, in that they l)oth ])erform 
the same fumtion, na.m(‘ly, that of' the prehension and 
mastication of f()0(1. 

'’Jlien, lastly, and as examples of eas(\^ in whidi the 
homology ami analogy of two organs (‘orrc'spond, we may 
select the wing of the bird (Fig. 18, (■), and that of the 
bat (Fig. 18, F) ; or tin' ]>ad<lle of tln^ whale, and the 
“jtectoral” or “ breast-fin ” of the fish. If we examine 
the fore-limb of the bat, w'C shall find it to be structurally 
identical witli that of the bird. The only notal)le differ- 
ence, iinh'cd, is in the immense elongal ion of .all tin? digits 
of tlie haml (t/), save the thumb (</). and in the mimher 
of the digits. But Ixth organs are entirely ^Miomolo- 
goiis and they are also analogous in that tiny are used 
for the same piirpos(^— -that of sn])portijig tlieir res])cetive 
possessors in the .aerial nuHlinm. Tlie ]>addle of the Avh.ale 
and the p(‘ctoral fin of tlie fish, are also l)«)th analogous 
and homologous. Tlie same fnndaniental elements of 
structure enter into the eomjiosition of hoth, and their 
functions are also similar in every respeet. 

Ileeognising tlie relations and deductions to be drawn 
from a stinly of liomologies and analogies, wo are jirejiai'cd 
to admit the great v.alue of those relations in the philo- 
sophic study of living beings. Indeed, without the guid- 
ing aid of these principles, the naturalist’s task in elassi- 
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fyilig and arranging the varied forms with which he has 
to deal, would heeonie an almost insurmountable labour 
and didiculty. Yet, calling to his aid the generalisations 
in which the study of Homology and Analogy result, lie 
is enabled to unravel the mysteries in which similarity of 
appearance shrouds the real iiature of organisms considered 
singly or in groujis. And lu'low tins su])erfieial consider- 
ation lies the deeper and more nnnplicated task of tracing 
out unities of ]»hiu and structure* and tyi'C through endless 
forms of variation and modiheation- -a labour to be 
rankl'd among the most important of those which tlu^ 
biologist has givmi him to do, and in which (he value of 
all his modes ot‘ investigation is sur(‘ly tested and tried. 
It is in siK'h a ta.sk that the deductions of true homo- 
logy and amdogy prove of the utmost si'rvice and avail. 

And, lastly, the thorough investigation of these priii- 
ci])l(is is the best corrective to those very ]>opular, but at 
the same time very erroneous notions, that animals or 
their organs were speidally criNited to fullil spi\aal ends. 
That this doidrine of tlic ‘Mina,l causatioir’ of living 
beings,— -resulting in the discovery of “ s])ecial” and often 
misconstrued uses of animal and jdant forms, — is the 
ulihtudiiDi of biological invi'stigations, few who corri'ctly 
appreciate the dediudions of homology will allow. The 
entire organisation of nature in truih reveals a grand 
uidty of ty])e and jdan, regulated by well-defuied laws, 
and not a mere collection of scattered shifts and exju'di- 
ents, designed to fultil as many inc.ongruoiis and isctty 
ends. 

The ]>re.sent s(;cms the most titling o])])ortunity fnr 
saying a few words regarding several points allied in 
nature to the (juestions in ihe study of which we hav«; 
just been engagid. 

These latter j>oints are included undiir the respecti\'c 
terms of Ikihinc.imj of Orffiins” Correlation of Uroirlhf 
HooioinorpJiu III f and “ Mini lcriff 

By the term “ Balancing of Organs,” is m(;ant tiic 
princi])le, insisted on by some authorities, “ that exci'ss 
of development in one organ or part is frequently accom 
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independent of each other, we may find organs to be in 
themselves both liomologoiis and analogous. They cor- 
respond in the latter case, both in fundamental structure 
and in function. 

As examples of analogous organs, we may select the 
wing of tlie bird and that of the butterfly. Both possess 
tlic same function — that of serving as organs of flight. 
They are, however, purely analogous, in that they have 
no homological relations whatever. Tlie structure of the 
one entirely difters from that of tlie other. Similarly, 
there is no homological identity between the jaw of a 
lobster or insect and that of a mammal. The former is 
merely a modified limb, wliilst the latter consists of a 
distinctly developed part of the head. Yet tlie two 
organs are distinctly analogous, in that they both perform 
the same function, namely, that of tlie jirehension and 
mastication of food. 

Then, lastly, and as examples of ca.s(^s in wliich the 
homology and analogy of two organs correspond, we may 
select the wing of the bird (Fig. 18, C), ainl that of the 
bat (Fig. 18, F) ; or the paddle of the whale, and the 
“pectoral” or “breast-fin” of tlie fish. If we examine 
the fore-limb of tlie bat, we shall find it to be structurally 
identical with that of the bird. The only notable differ- 
ence, indeed, is in the immense elongation of all the digits 
of the hand (^’ /), save the thnml) (c), and in the number 
of the digits. But both organs are entirely “homolo- 
gous ; ” and they an' also analogous in that they arc used 
for tlie same jairpose — that of supiuirting their respective 
possessors in the aerial medium. Tlie jiaddle of the wlialc 
and the pectoral fin of tlie fish, are also both analogous 
and homologous. The same fundamental elements of 
structure enter into the comjiosition of both, and their 
functions are also similar in every respect. 

Recognising the relations and deductions to be drawn 
from a study of homologies and analogies, 'we are prepared 
to admit the great value of these relations in the philo- 
sophic study of living beings. Indeed, without the guid- 
ing aid of these principles, the naturalist’s task in classi- 
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fyiug mid arranging the varied forms with which he has 
to deal, would become an almost insurmountable labour 
and difficulty. Yet, calling to his aid the generalisations 
in which the study of Homology and Analogy result, he 
is enabled to unravel the mysteries in which similarity of 
appearance shrouds the real nature of organisms considered 
singly or in groups. And below this superficial consider- 
ation lies the deeper and more eomplicatt'd task of tracing 
out unities of ])lan and structure and ty|Ki through endless 
forms of variation and miulification — a labour to be 
ranked among the most important of those whic.h tlie 
biologist has given him to do, and in which the value of 
all his modes of investigation is surely tested and tiied. 
It is in such a task that the deductions of true homo- 
logy and analogy prove of the utmost s(‘rvice and avail. 

And, lastly, the thorough investigation of these prin- 
ciples is the best corrective to those very ])opidar, but at 
the same time veiy erroneous notions, that animals or 
their organs were specially (treated to fulfil special ends. 
That this doctrine of the “final causation” of living 
beings, — resulting in the discovery of “ special ” and often 
misconstrued uses of animal and plant forms, — is the 
ultimatanh of biological investigations, few who corre(5tly 
appreciate the ih'din^tions of homology will allow. The 
entire organ isiition of nature in truth reveals a grand 
unity of tyi)C and ])lan, regulated ly well-defined laws, 
and not a mere collection of scattered shifts and expedi- 
ents, designed to fulfil as many incongruous and petty 
ends. 

The present seems the most fitting op])ortunity for 
saying a few words regarding several })oints allied in 
nature to the (piestious in the study of which we have 
just b(‘(m engaged. 

These latter i)oiiits are included under the respective 
terms of “ Balancing of Organs” “ Correlation of Grou'lhf 
“ Homomorphism” and “ Mimicry,” 

By the term “ Balancing of Organs,” is meant tlie 
principle, insisted on by some authorities, “ that excess 
of development in one organ or part is frequently accom- 
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panied by a corresponding or proportional deficiency in a 
neighbouring or connected organ.’’ And by means of 
this ])rincii)le it luis been attempted to account for 
numerous deficiencies in structures and jjarts, which 
deficiencies do not appear to admit of easy or ready 
ex])lanation according to the ordinaiy laws of gi*owth. 
The considerations which militate against tlie ado])tion 
of the principle thus laid down, are similar to those 
already enumerated when treating of “ Lateral Homo- 
logy.” And the fac^t that such excess of d('velo])nieiit in 
one organ is not invariably accompanied by atrojdiy or 
deficiency of another organ, leaves the sn})pnrter of the 
principle in the twofold dilemma of endeavouring to 
account for cases in which the deficiency oc'curs, and 
also for those cases in which no sucli delieitaicy is pre- 
sent. Then, in sucli cases as those exem})lified by the 
absence of the one ovary and oviduct of birds, the prin- 
cijde of tlie “ l)alancing of organs” does not exjdain the 
cause or conditions on Avliicli such non-devtdoimient de- 
pends, any more tlian it can ac.couiit for tlie leasoii why 
tlie other oviduct sliould ])(a'sistently be (h'veloped, and 
retain its normal size, structure, and functions. 

We must, however, carefully distinguish between 
excesses, or want of development, in a pathological or 
diseaseil states, and those which exist irresjiectively of 
states of alteied or abnormal nutrition. Tlu^ connection 
between an olistructcHl or diseased circulation, and an 
enlarged or diminished size of the heart, for examjde, are 
riiferable to the as(!ertaiiied relations of cause and effect. 
Hut in the absence of diseased states it is impossible in 
the same w^ay to account for the results whi(-h the prin- 
ciple of the “ balancing of oi-gans ” seeks to ('xjdain. 

Several points of curious interest are included in the 
consideration of the term “ Correlation of Growth,” or 

Correlation of Forms.” By this term 'we express the 
fact of certain organs, parts, or structures, not necessarily 
related to each other by structural, or even functional, 
peculiarities, being invariabiy found to co-exist or to be 
associated with one another. In other w'oids, these 
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organs or parts are invariably co-existent, irrespective of 
their ditferences in nature. Thus all animals which 
suckle their young, or are provided with mammary 
glands, invariably possess two ‘‘ cond^des,” or articular 
processes of characteristic structure, on tlie occii)ital l)one 
of the skull, and also possess nou-nuclcated red blood- 
corpuscles. Or again, we timi that “ rumination,” or 
the power of chewing the cud,” is invariably associated 
with a cloven or cleft condition of the feet. And many 
other instances might be oil ered as illusi rations of this 
cui*ious flict. 

Regarding the essential nature and cause of these cor- 
relations of growth or structure, wo kin)W absolutely 
nothing. The facts, upon which this principle is built 
u]), have been simjdy ascertained from a caia'thl examina- 
tion and comi)arisou of forms, arnl We can only limit our- 
selves to a plain statement of these facts. Morpho- 
logical science d(»es not warrant us in se(‘king to establish 
a (jausal relationship between the organs thus associated 
together.” And although theory and hypothesis are not 
wanting, by means of which the riilatiojis between the 
cause and result of this “ eorrelatiou ” are sought to 
be explained, yet there are few who, reeognising the 
plain i)ath of iinjuiry, will be tempted from that ])ath 
by a theory obviously moulded to the facts, and so un- 
worthy of our sii])port or countenance. It is nmre con- 
sistent with a true’ scientific spirit to own our inability 
to explain this correlation, and sim])ly to rccogiiisi* this 
eo-existenco of structures, tliaii to s(H‘k a convenient ex- 
planatory bye-road which the liiglier knowledge of to- 
morrow may close. 

We therefore are forced to content ourselves with 
tlu! siinj>h; n^cognitioii of the iacts included under tii<5 
term “ eorrelatiou of growth,” and at the same time we 
own the mere empirical nature of the law. It is on<‘ 
deduced soh'ly from ohsorvatioii and ex])eriment, hut at 
the same time it would appear to be de])endeut on other 
than merely accidental causes. 

As subsidiary to the more typical condition of “cor* 
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relative ” structures, it may not be out of place to remind 
the reader of tlic presence of a certain amount of “ sym- 
pathy ” between certain organs in the animal economy ; 
these latter organs, however, being connected together, 
often forming part of one system, and being otlierwise 
bound to each other by relationships evinced through the 
medium of tlie nervous S3\stem. Such instanct^s of “ sym- 
pathy ” are well known to the medical world ; and as an 
example of these, the intimate “sympathy” between the 
reproductive organs and the brejists or “mammae” may 
be cited. Such (conditions, occairring in instances admit- 
ting of ol>vious exjdanation, may be regarded, and rightly 
so, as falling without the boundaries of the considerations 
we have just been noting ; but they serve, at the same 
time, to show the presemce of “ correlation,” manifested 
in a great degree between organs of the same cfconomy. 

Butcpiite n,s important a consideration licis in the fact 
that the a])])areiitly constant nature of the law of correla- 
tion is of the greatest jjossible s(‘Tvic-e in determining the 
relations of animals in the jmst, and in settling their affi- 
nities with forms now existent. We know, for example, 
that all mammals j)ossess the certain and distinctive 
features before mentiomul, and that these, in virtue of 
the law of correlation, are invariably associated. Hence 
if we ascertain the ])r(csencc of one of tliese features, we 
(can safely affiini the existence of all the others. Thus, 
if we know an animal possesses two occipital condyles of 
a certain structure, we may predic^t that it will also possess 
non-nucleated red blood-eorjmsides and mammary glands. 
And in the researclncs of the paheontologist, einidoying 
as he does the inductive method of reasoning, by mejins 
of which he argues of the unknown from his knowledge 
of the known, or argues “ respecting a whole class what 
has been ascertained respecting one or more individuals 
of that class,” this unvarying nature of the “ law of cor- 
relation ” assists him in frjuning, from a part or posses- 
sion of one character, a correct generalisation regarding 
the whole. 

This law, it is however to be borne in mind, is subject 
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to the conditions and fate of all merely empirical general- 
isations ; that is, it may be proved erroneous by subsecpient 
observation or experiment. Whilst, therefore, we are fully 
entitled to found our belief on the constant results of ex- 
perience, wc must at the same time be i)repared to have our 
conclusions tested, or even set aside, by the progressive 
march of iiKpuiy, and in the light of new truths which 
further observation may disclose, lluxlcysumsup the 
matter very succinctly when he says — “ Not that 
it is to bo supposed that the correlations of stnicture 
expressed by these em})irical laws are in any sense acci- 
dental. or other than links in the general chain of causes 
and effects. Doubtless there is some very good reason 
why the [characteristic occii)nt of a Mammal should be 
found in association with mamnue and non-iiucleatcd 
blood-corpuscles ; but it is- one thing to admit the 
causal conne(;tion of tlnise phenomena with one another, 
or with some third ; a.nd another thing to affirm that we 
have any knowledge of that causal coiim^ctiou, or that 
physiological science, in its present state, furnishes us 
with any means of reasoning from the omi to the other.” 

Tlie tei’in ITomowMyhiam Inis Ix'-en applied to indicate 
a series of resemblances, traceable Ixdween organisms 
which are themselves far removed from one aiiother in 
structure and organisation. Examjdcs of this homo- 
moridiic ” resemblancje are seen in the close likeness be- 
tween some of the Hydrozoa or Zooidiytes (Eig. 4), and the 
Polyzoa or “ Sca-mat ” class (Fig. (>). And similar resem- 
blances may be traced between the Jafunoria and Uoilfera. 
Such a reseinhlaiice is, in itself, an apparently trivial mat- 
ter, seeing that the structural affinities of such organisms 
are usually and Avidcly different. But modiirn theories pro- 
fess to see an ulterior and deeper meaning in such rest^j)!- 
blances — firstly, in that such forms may take the place 
and fiiindioiis of one another ; and secondly, in respec^t of 
their origin, in that certain “ conditions ” are suppostnl to 
have affected, in a greater or less degree, the resemblances 
which they hear to each other. 

A survey of the geographical distribution of animals 
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and plants, fiimislios us with many examples of certain 
so-called representative ” or “ homomorphic forms, 
taking on themselves, in a particular area, tlu^ place and 
functions of those forms to which they boar a resem- 
blance. But tliis is not alwaj^s the case, and so far from 
being widely separated from each other, wci may find 
“ homonior])lji(; ” forms living side by side. The tendency 
of a section of modern thought would seem to be that of 
regarding such forms as springing primitively from a 
common origin, and that, under certain conditions, changes 
in organisation took place, afiecding their structure and 
relations, but leaving their external configuration com- 
paratively unaltev(d. The older theory of Forbes advo- 
cates the idea of sjK^cial creations in special ctmtres ; the 
conditions surrounding each organism or group being 
nearly or exactly similar, and producing stiuctures of 
close identity in ap])earance and form. N(‘ither view 
appears wholly ade(ju.‘ite to explain all the ciivaimstances ; 
but of the two, the latter has the merit of being supported 
in some degree? by fac-ts as they stand. 

Mimierjj is tlie name given to those conditions in virtue 
of which an animal form assumes the outward charactei's 
and api)(;araiic(? of auotlnu' animal form, or of a plant, or 
even of some lifi'less or inorganic ohj(?ct ; these resem- 
blances being destitute of any connection with the position 
or structural relations of the animal. Such conditions 
appear to be in some degree explained by the su])i)osition 
that they arc assumed for the piiri)Oses of d(;f(iiic(? or pro- 
tection against enemies. The observations of Messrs. 
Bates and AVallace on the subject of “ mimicry,” form 
the chief sources from which our information regarding 
these curious conditions has been derived. Throughout 
the class In.secia^ we find instances of mimicry ” of 
most fre(iueiit occurrence ; and the accounts given l)y the 
observers just nientioned, of the circumstances under 
which th(i mimetic resemblances arc assumed, will be 
found exceedingly iutcrestiiig, and worthy of perusal. 
The mere mention of a few examples of this peculiarity 
will suffice ill the present instance. We thus find that 
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among tlie OriMojiterous insects, the so-called ^‘walking 
leaves ” or Fhylliida^, possess wings, in which not only 
the texture, hut also the colours and shades of leaves arc 
exactly iinitatcid ; so tliat these insects could not, without 
very minute exaniinatioii, be detected among leaves, the 
appearance of which they so accurately mimic. Similarly 
the Fhamiidrr. or “ walking-stick ’ insects, also included 
among the (h'tho'pUra, pres(‘nt us with jxnfect resem- 
blanc(js of the dried twigs of trees. And in other cases 
we find that even the ])ara.sitic. fungi wliicli grow upon 
leaves, arc, in tlie case of certain tropical butterflies, most 
naturally reproduced in the mimicry ; and tlic, delusion, if 
one may so term it, is thus rendered the more apparent 
and real. 

Of these mimetic idienomena we have as yi t had no ex- 
planation whicli can be considered wholly fret? fi’oin being 
enlisted under the banner of some sj)ecial theory, and so 
in some degi'ee made subs(‘rvient to tlie ends and ulterior 
purposes of tlie theorist. We may, at any rate, and with- 
out looking at tlie d(*eper causes of the condition, assume 
that it is, ill all probability, made subscjrvient, if not 
specially adajited, to the defensive r(M]uir(‘inents of tlie 
creatures iii whoso economy it is exhibited. 

The term Hynimclnj so freipiently occurs in dis- 
cussing the relations of animal and j)lant forms, that it 
may be well, in concluding th(‘, pre^sent chaiito]’, to liriiitly 
indicate the meaning and import of the term, lly ‘Asym- 
metry,’' used in the common accejdation of the term, 
we mean the form, or arrangement of parts of any par- 
ticular object or organism. And, as applied technically 
to th(5 parts or structures of an organism, or to the organ- 
ism as a whole, we indicate by its “ symmetiy ” the apt 
and similar arrangement of its “ (‘bnneiits of form.” 
Viewed thus, and aiiart from its subsidiary meanings, W(‘ 
speak of animals or plants possessing certain kinds of 
symmetry, and we thereby express the particular arrangc^- 
ment of those elementary jiarts, of which a philosophii; 
morphology may conceive their bodies to be composed. 
For convenience sake the morphologist invents or supposes 
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the existence of a purely ideal “element of form,” to 
which the term “ inerosome ” has been applied ; and the 
particular kind or kinds of symmetry charatrteristic of 
any form are viewed as the result of the regular and 
defined “ repetition of the same element of form.” 

Three kinds of S3unmetry, or modes of disposition of 
the primary elements of form or “ merosoim's,” may be 
enunciated, and we have already had o(;casion, in dis- 
cussing the characters of the great “ morphological types,” 
to refer to these varieties of form. Thus, we have 
firstly or “ two-sided ” symmetry, in which the 

elements of form are equally disposed on each side of the; 
middle line or mesial ]>lane of the body : in other words, 
the body, whi(;h is bilaterally symmetrical, can be divided 
into equal right and left halves. The second kind of 
symmetry is termed lladml : and in this variety we find the 
“ merosom(!S ” disposed radially around a central ]H)int or 
axis. Whilst in Zonal symmetry the elements of Ibrni are 
arranged in “ zones ” or segments, one after the other, in 
a hori/oiital or longitudinal axis. 

Examples of tliesc various dis])ositions of form will be 
readily suggested from a cursory (Mmsideration and review 
0^ the characteristic features of the “ t3q)es.” Thus the 
Verfihrata and Annidom each exemidify the “ bilateral ” 
and “ zonal ” s^mmietries-'-that is, avc lind that the body 
of every vertelnate and of every annulose animal (;an be 
divided throngli tlie mesial plane into equal halves, and 
we further notice the zonal ” symmetiy in the arrange- 
ment of the segments of the vertebrate sj)ine, and in the 
disposition of the joints or “ zones ” in the body of the 
annulose animal. The “ radial ” symmetry is typically 
seen in the Aunuloula; where, in the body of such a form 
as a sea-urchin or star-fish, the radial disjxxsition of parts 
can be readily perceived. 

The relationship between symmetry and homology will 
be sufficiently apparent. Symmetry is a homology of a 
superficial kind, or of external surfaces. We may in many 
instances find that symmetrical parts are also homologous ; 
but the two conditions, viewed sim])ly, and without their 
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connection 'vvitli any tlieoretical considerations, arc per- 
fectly and naturally distinct. The “ external conditions 
of Spencer, would, on the contrary, seek to establish a 
definite connection, not only between mere symmetry of 
external form, and tlic deeper symmetry we term “ homo- 
logy,” but also between the causes which give rise to each. 
Such causes are said to be those atteeting the organism 
and its dciscendaiits from witliuut ; or through tln^ opera- 
tion of conditions which arc external to the oigjinism. 
We have already seen how these external causes ar(‘, in- 
competent to give rise to such conditions ; a ml how, in 
all ])robal)ility, the conditions are at once (h‘ep-se:ited, 
internal, and intimately bound up Avith the laws regulating 
the inner life ami economy of the form. 



CHAPTEE VII. 


Olassifiontion ; Nature anti mode of — “Natural ” and “Artificial " 
systems — Morjiliolotry and Pliysiology tlie two factors ol 
('lassiticat.ioii — System and Mode of Arrarigemout of the 
Animal Series : the. Type or Suh-Kiiigdoni ; (Mass ; Order ; 
Family; Oemis — S})ecies — Nature of “Species” — V'ariation 
hi SiHJcles— lleceiit Opinions regarding the significance of the 
term — Provisional Definition of “Species” — Illustrations of 
(Massilieatioji. 

The introductory niattcr wliicdi lias formed tlio subject of 
tlic prcccnliiig cliaptos prefaces, in a yery eonvenient 
inaiiiier, the iripiortaut section, upon the coiisidcrution of 
wliicli we now eiit(T. Tlie nltiinate aim of the principles 
of hiohtg’icfd sideiu'o, and of tlie recognition of those rela- 
tions wliieli exist hetttmcii living forms, is the due arraiige- 
meut of these forms in a certain system, and according to 
a scientific mode. Such a system of arrangement 
denominate) classification and this latter, in turn, is a 
necessary preliminary to the systematic and careful 
examination of individual organisms, or groups of 
organisms. 

The early history of almost (wery science may he said 
to Tiogin with a scheme of elassification. The beginnings 
of a scientific imdliod wdll generally ho found to have 
taken origin in a rude attempt to arrange the objects or 
subjects of wliicli the method proposes to treat. As 
might he expected, such initiatory attempts at systematic 
arrangement present us wdth very varied aspects, so far, 
at least, as the features from which the principles of the 
classification were drawn are concerned. These features 
are found to he essentially those derived from external 
configuration, or from characters which a mere superficial 
examination might furnish. And the characters thus 
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ascertained result in the formation of a so-called “ arti- 
ficial ” system of classification ; since in its construction 
the deeper and more reliable features of structure 
are neglected for the artificial ” characters drawn 
from chance resemblance or configuration. A system 
of classification, on the other liand, founded on the 
characters furnished by a consideration of the entire 
struct wn- of the organisms it is proposed to classify, and 
which system accordingly inrbules all the natimil details 
of form, is in contradistinction termed a “natural” 
classification. 

No great amount of thought is needed to perceive that 
the earlier classifications were eminently “ artificial ” in 
character ; and such systems find their (‘xisting prototype 
in the arrangement which we might . su])pose a savage to 
make of the living things by which lie is suiTounded. 
Thus he would classify together birds and bats, from the 
fact that both indulge in the habit of tlight. The whale 
he would classify with fislu^s, because it resembles them 
in external a])pearance and habits. And he would group 
frogs, newts, lizards, and snakes togetlu^r under the term 
Reptiles, tlu'reby inchuliiig under this single term an im- 
mense variety of heterogeneous forms. And, finally, if 
we can su]ii)Ose sufficient intelligence to guidii the savag(j in 
his work, he would tend to arrange tlu*. animal kingdom in 
a linear series, to form an unbroken and continuous line of 
beings, commencing in detail Avith tlie lowcjst organisms, 
and ca])])ing his sei'ies Avith the highest form. Now in 
each case the ])rimitive taxonomist lias seiz(Ml on purely ex- 
ternal characters and resemhlanccs ; and as a result he has 
formed certain “ ai'tificial ” groups, including individuals 
Avhich may have, save juThajis in form or habits, no 
community of hviie and no ‘‘ natural ” affinities. 

Conversely, let us sup[»ose tlie scientific taxonomist, 
Avith the knoAvh'dge Avhich 1 h', has derived from his 
study of iMorjiliology and J?hysiology, to be placed 
in the position of tlu^ ]»riniitive savage. His mode of 
classification Avould be essentially and exactly ojiposite to 
that of the hitter. He Avould, by a thorough investiga- 
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tion of the structure and functions of the various forms 
lie might meet with, first demonstrate the existence of 
distinct types or plans of structure ; and he would thus 
construct great primary groups, into wliich the entire 
series would he divided. Fixing definitely the characters 
of these primary groups, he would he enabled to refer to 
them any subsequent forms which might fall under his 
notice ; and then his further labours would consist in 
the assorting and parcelling out of his primary groups 
into subordinate divisions. And, so far from his system 
partaking of the nature of a linear or continuous series, 
he would find that the construction of any such arrange- 
ment would be unnatural and impossible ; since in his 
labours he would demonstrate that there are forms of 
essentially difier(mt nature, Avhieh it would be impossible 
to arrange oiui al)ovo another in ])oint of organisation, 
and that, in short, the very nature of the case does not 
admit of any such arrangemeut b(ung made. 

The labours ol‘tlie ]>rimitive >savage, therefore, exemplify 
for us the foi'uiation of an “ artificial ’’ arrangement of 
the organic series. Tlie labours of the sinciitilic morpho- 
logist show ns on wliat principles we construct a 
“ natural ” classifi<'ati(m, which thus brings together 
organisms or grouijs of organisms allied to each other by 
all the ess(Mitia.l points of structure. This latter, as 'wc 
shall have occasion to observe, is the ojily system wliich 
can be said to pm fectly fulfil all the conditions required 
of a truly s('ie]itific arrangement. 

To trac<‘ i'rom tlu^ stand})(»int of a historian the progress 
of tlie system of classification from its rude outlines and 
imperfect dc^tails to its estaldishment upon a sure basis, 
is a task which, however interesting and instructive it 
might iM’ove, falls witln»ut the boundaries of the present 
work. I have already sufiiciimtly imlicated the starting- 
point of such a history, and the student will find no difii- 
ciilty ill obtaining from a] >] in )priato sources an iutorestiug 
sketch of thcj progress of this deiiartnieiit of biological 
science. 

A tndy philosophical system of classification has been 
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defined as “an expression, in a convenient form, of the 
facts and laws of Morphology and Pliysiology.” And the 
statement thus enunciated expresses the grand fact that 
it is from a correct a}jpre(riation and idea of the differences 
and relations which the study of structure and function 
reveals, that we arc enabled to construct a truly “ naturar’ 
system of classification of either animal or i)lant series. 
The full knowledge of struchires and functions is there- 
fore the sole aid wliicli we retjiiire in the task of arranging 
eitJier kingdom. 

We have already seen that the ultimate', object of all 
classification is the arrangement of objects or I'orms into 
defined groups, chiefly for the purpose's of ready identifi- 
cation, and detailed examination of their structure and 
relations. This, shortly stated, is the aim of every sys- 
tem of arrange;]] lent, on whatever conditions or by what- 
ever means tin; system may be c(mstructed. AVe arrange 
or cliissify a library for the express piii-pose of (;]iabliiig 
us to select and obtain, without trouble, any ])articular 
volume we wish to (M)usult. And there are, it is obvious, 
many methods by which our end may be; attained. AVe 
may arrange our books ali)liabeti(;aliy, or we may .assort 
tbem according to the subjects of which they treat, or wc 
may even emj)loy the characU'rs afforded by si/c; oi- ap- 
pearance, to en.'ibie us l(» i»la(;e tiicm convcnicait ly for 
access and piii’poses of consultation. And if wc follow 
out a little fuj'ther tin; simile ol the libraiy anaiigeincnt, 
we shall f]]id that we may gain a. gentaal idea, of the 
motives which, at various stages in the history of lliology, 
have pron]})teil the scientilic taxonomist in his labours. 

TiiC process of classilying bo(tks by size or a}>pearance 
requires ]io great laiowledge or ]netiiodical |)owcr. A j)er- 
son who could nciihcr read n<»r write, hut who poss(*;>s(‘d 
sonic idea of colour ami size, ujigiit undertake to ari aiige 
the library at once tast(;lidJy and harmoniously; Imt, 
tliesame time, such a classification would be entirely desti- 
tute of any literary valiu*, and chxirly of no service to 
any one unacquainted with the library. It would b(', in 
short, of no universal or convenient application. JSuch a 



116 


rillNCIPLES OF ZOOLOGY. 


process is imitated, then, in the earlier and artificial 
systems of the classification of animals and plante. Con- 
spicuous (diaractcrs may he said to constitute the basis of 
these earlier methods, just as it forms the basis in group- 
ing togetlicr tlie books after this first method. Alplia- 
betical classifi(*ation, in the second place, whilst requiring 
a certain amount of knowledge, may yet be wholly inade- 
quate to fulfil the ends of a perfect system of arrange- 
ment ; and the superficial classifications which existed in 
such numbers in the later stages of the jn'ogress towards 
taxonomical perfection, very closely correspond to this latter 
arrangement of the library. Lastly, to classify our library 
according to the subject-matter of the volumes requires a 
great amount of knowledge and discrimination ; but the 
result of tliis latter arrangement would bo the assorting of 
the books in a manner corresponding in detail to that in 
which tlie ])rinci])les of ]\Iori)l)ology and PI lysiology serve 
to arrange the animal and vegetable series in tlie ])rescnt 
day. Leaving superficial distinctions and artificial 
characters, we fix on the evidences of structural type and 
the degi’ce of pliysiohigical pcTfection, as affording us the 
reqnisiti^ power to marshal the varied forms of life into 
their natural places and rank in the scale of being. 

Pleciognising the yirescmce in the organisation of ani- 
mal and yilant forms of two great factors or yirinciiies 
— the morph ol()gi(;al fiictor and the ])hysiological factor 
— we are prt?pared to I’cgard every animal or j^lant as 
depending for its jilac-e in the schcin(‘- of classification, 
firstly, upon the fundamental plan or ty])e on which its 
body is constructed ; and, secondly, on the degree of per- 
fection to which the ])rocesS(‘s or functions of life are 
carried Avithin the organism. And if, in addition to these 
primary facts, we consider the existence, in most instances, 
of the “ law of ('onxdatioii ” of forms and structures, by 
jneaiis of Avhich we ascertain the invariable co-existence 
of certain charaid-ers, we obtain a compreluuisive, natu- 
ral, and accurate synopsis of the form itself ; and also of 
all forms Avith Avhich the same modes of iiwcstigatioii 
prove our t^^jiical form to be related. 
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But, further, the “n«T,tural” system of classification 
takes into account not merely the present features of the 
organism as a fully-formed being. It also traces its 
life-history backwards by aid of development, and thus 
derives its special characters from a review, not of a mere 
part of its existejice, but of its entire life-history. 

Having tlius gained an idea of the extent and aims of 
the subject before us, we may next observe how the fore- 
going princij)lcs are put to a ])ractical use. Bringing 
before us as taxonomists the entire animal kingdom or 
series, we first look about us for certain broad and general 
features, by means of which we may parcel out our king- 
dom into definite districts, susceptilde each of further 
subdivision. Siudi primary groups Morphology provides 
us with in the form of the six great “ Morphological 
Types,” which, as previously remarked, figure in the 
system of classification as sub -kingdoms.” These 
sub-kingdoms are leased, as we have observed, on the 
existence of six distinct types or plans of fundamental 
structure recognisable in the animal wc»rhL Each sub- 
kingdom has thus an entity of its own, and the remem- 
brance of this fact will serve to facilitate our appreciation 
of tlic difticultios, and indeed impossibilities, which lie in 
the way of the (*onstniction of a “ linear system ” of classi- 
fication. These sub-kingdoms an*, divided into subordinate 
groups called ‘‘ Classes ; ” the “ Classes ” are in turn sub- 
divided into “ Orders ; ” the Orders ” are broken up 
into ‘‘ Families the Families” into ‘^Genera and 
the “ Genera ” into “ Species.” 

We thus descend from a universal to a particular 
(piantity. AVe begin with the entire kingdom, and at 
last arrive at those units of which the s(‘.ri(‘,s in its entir(‘ty 
is composed. A tabular view of the system of classifica- 
tion might be rendered thus : — 


VI N ODOM f 

(.livided •< 
into ( 


&Un-KINpi».MS f - 

^ into ( 


Orokrs 

divided 

into 


I Fatviiijrm 
j divided 
into 
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Let us next exemplify this process of progressive analysis 
in the sclieme of classification. Having before us the 
entire animal series, we find that Morphology divides it 
for us into the six types. Each type includes a large 
number of forms, which agree in having their bodies 
built u]) on the same fundamental ])lan of structure. So 
far IMorphology alone assists us. The division, so far as 
it has pro(^eedcd, is founded on purely structural grounds. 
We know, for exain])le, that the Vertcbi-ata are distin- 
guished by the peculhir division of the body into two 
distinct regions, as we have alivady observed and illus- 
trated (Eigs. 1() and 17). Then we find subsidiary 
charafders in the ndative ])ositioiis of the neural, Inemal, 
and dig('.stive systems, in the ])resenc(^ of a notochord or 
vertebral column, and in other and minor structural 
features. All ih(;se (dia.ra<-ters Indong to tlie A^('rt('l)rata 
as a tijiH:,- that is, every member of the sub-kingdom 
Vcrivht'nfa, must agn'c with its fellow Vertebrates in the 
possession of tlu^ spc'cial features which are distinctive of 
them all. 

But if we examine, even witli a superficial glance, the 
various forms to which, in virtue of this community of 
tyj)e, the term Vcriihmtc may l)e a])plied, we at once 
detect very many and im])ortaut modifications of the 
same structural ])lan ; ami a study of the more intimate 
liomologies of the gr<mp, as also of the degree to which 
the ‘‘ si>ecialisatioii of functions ” is <*arried out in the 
various Vertebrate etionomies which we may examine, 
serves to sIioav us that the members of a tyi)C or sub- 
kingdom exliibit among themselves certain broad varia- 
tions of the structural ]»lau. These broad variations arc 
determined by the degree of perfection in which the 
‘‘ specialisation of functions *’ exists ; and the characters 
adduced from these latter considerations suffice to consti- 
tute large groups subsidiaiy to the sub-kingdoms, and 
kuowm ill our system of arrangement as Classes.” 

As Professor Agassiz (expresses it, classes are divisions 
which include forms built up on the same morphological 
type or plan, but exhibiting variations in the manner 
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according to wliicli the plan is executed. This may be 
expressed in another way by saying that classes are 
groups of forms subsidiary to a mor])hol()gical type, and 
which derive tlieir special characters from i)hysiological 
variations, and from tlie structural and “ correlative ” 
modifications dei)endent thereon. 

A cursory examination of tlui Verfchmia^ then, from a 
conjoint ni()r})ho]ogical and physiological standpoint, 
would result in the eliniinatioii of certain subsidiary 
groups or “ classes.” The first series of forms which vre 
could differentiate would exliibit fin adnptation to an 
aquatic existeiute. The limbs would ap[)car in the form 
of fins ; the breathing organs would be similarly modified 
to suit an aquatic life ; the physiologi(%*d ])(a lection of the 
digestive and circuhitory fun (^t ions- would be re.si)ectively 
noted ; and in tliis way a “ class,” that of the riaccH or 
Fishes, would be formed, distinguished thus by a certain 
})hysiological status, and by a corres])onding and s])ecial 
morphology. At once, therefore, we not oidy ('xi)ress the 
characters common to the members of any ‘‘ class ” or group, 
but also those chara(*ters by which it is distinguished 
from every other grou]). The statcmient of these ciiarac- 
ters, in fact, constitutes the definition of the group.” 

Similaiiy, we can distinguish a second “ class ” evincing 
a higher degrc(; of physiological specialisation than tlie 
preceding group ; this latter “ class ” showing us a greater 
perfection of the skeleton ; the presence of lungs in the 
adult in ad<lition to the gills of early life ; an advance- 
ment in the sti'ind-ure and functions of the heart ; and a 
‘^metamorphosis,” or certain series of changes, through 
which the young embryo passes in its progress towards 
adult and mature (existence. These charac^ters, exi>ress- 
ing a functional state higher than that of the fislu'-s. and 
necessitating a more perfect morphology, map out for us 
the “class” Avt2)]dhia, 

The liqjtilia, or Reptiles, forming the third (dass, lead 
us to a still higher degree of specialisation. The presence 
throughout life of lungs only ; of a compound lower jaw 
and “ quadrate bone ; ” of limbs (when present) suited 



120 


PRINCIPLES OF ZOOLOGY. 


generally for terrestrial progression, and of other func- 
tional peculiarities, define the class before us. 

Then the or Birds, are defined by their warm 
blood ; the peculiar structure of their lungs ; the character 
of the body-covering ; the modification of the anterior 
limbs for flight ; and by corresponding physiological 
characteristics. Whilst the Mammalia are known by their 
simple lower jaw • their two occipital condyles ; ” their 
non-nucleated red blood corpuscles ; and by the possession 
of mammary glands. 

The division of tlie Ver lehr ate type in this way, will 
suffice to exemplify the mode in which tlie physiological 
principle of specialisation of functions” ])rimarily aids 
us in subdividing a. snb-kiiigdom. It must be borne in 
mind, however, tliat the morphological distinctions are 
not always subservient to or dei)endent upon the physio- 
logical ones. On the contrary, it is sometim(?s exceed- 
ingly difficult to (hdect any differences on physiological 
grounds, whilst the inorpliological conformati(Hi may at 
once assist us in distinguishing between forms, or, on the 
other liajid, aid us in maintaining tlndr relationship. 
And further, the law of correlation of forms,” which, as 
we have S(icn, lies at the foundation of many definitions, 
exists independently of any physiological differences. 
Whilst thus the ])resence of “correlative” structures 
forms the most stalile ehnnont in many definitions, we are 
unable, as already obs{*i*v(*d, to tra(*e any causal (jonnection 
between! the correlated organs oi- parts. Apart from 
these latter considerations, Ji owe ver, we must recognise 
the conjoint value of Morphology and Physiology in 
serving to determine the relations between any two 
organisms or grou])s of forms.* 

The next division which we notice is the “ Order.” 
This tcn’in is ai)plicd to those subsidiary groups into 
which the “ class ” is divided. In the differentiation of 
“ orders ” the morphological differences become less appa- 
rent, whilst the physiological ones become better defined 
than before. An order ” thus retains the morphologicjal 
features of its “ class,” just as a “ class ” retains those of 
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its “ type ; ” but the various “ orders ” of a “ class ” gene- 
rally vary greatly in the degree of physiological perfection 
to which they may severally attain. 

The ‘‘ order is divided into Families.’' These 
latter divisions arc not to be regarded of primaiy import- 
ance, and in most cases serve as convenient stepping- 
stones from the “ orders ” to tiic “ genera,” where the 
number of forms included in an “ oilier ” is very great. 

The “ Genera,” into which tlic “ family ” or “ order ” is 
divided, bring us to the consideration of characters which 
very nearly approach tliose of the individual ; and accord- 
ingly we find tlie circle of physiological distinctions growing 
gradually more contracted, until in the sp(‘cics ” we 
reach the charact(irs which arc specially distinctive of the 
individual organism, and which arc accordingly more 
localised and susceptible of determination than those 
of the larger groups. “ 8j)ecics,” in this view, and 
without prejudging the remarks to l)e jn’escMitly made on 
the origin and limits of species, may thercfoi’c be held to 
be the most limited group of individuals wdji(di can be 
defined and 8e|)arated from all otlier groii])s by a common 
character.” 

The process of classification is therefore essentially one 
of dificrentiation, or of the separating out firstly of groups, 
and through tin; grou])S of the “ sjjecific ” individual. 
With species ” w^e reach the unit of classifi(;ation, or 
that quantity, from and through combinations of wdiich 
the entire scheme of classification is inach*, uj^. To obtain 
a satisfactory idea of the terms we have just examined, in 
reference to “ species,” it wdllbc necessary to review them 
in an op|)Osite order from that in which avc have just been 
considering them. We shall therefore begin with the 
consideration of the term “ species,” wdiich in more ways 
than one has been the bugbear of classification, and con- 
ceniing the nature of which our ideas have, wdthin the 
past few years, undergone a remarkable cdiange. 

In considering the nature of the term species,” and 
also the views regarding it which recent observations and 
theories have promulgated, it w^ill be at once the easiest 
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and most satisfactory course, if we turn our attention, in 
the first instance, to tlie consideration of the opinions 
formerly hold with regard to tlie limits and meaning of 
the term ; then to tlie more modern views concerning 
species ; and, incidentally, to a brief summary of the argu- 
ments pro and con the opposing doctrines. 

At the outset of our inquiry we are led to consider a 
few of the many definitions wliich have been given of 
‘‘species.” A “species” has accordingly been defined 
by Forbes as “an assemblage of individuals presenting 
certain constant characters in common, and derived from 
one original protoidast or stock.” Martin says that 
“species are distinct forms, originally created, and pro- 
ducing, by ccndaiii laws of generation, others like them- 
selves.” Cuvier defined species as “ tlie collection of all 
the beings descended th(‘ one from the other, or from 
common })arents ; and of thosi*. which boar as close a re- 
semblance to tlies(‘. as th(‘y bear to eaidi other.” Midler 
tells us that sjH'cics “is a living form, re])resented by 
individual beings, which reappears in tin; jiroduct of 
generation with c(*i*tain invariabh* charactcu’s, and is con- 
stantly nqiroduced by tlie generative a,ct of similar indi- 
viduals.” Eufibii maintains tliat “ species is a constant 
succession of individuals similar to and capable of repro- 
ducing eacli other.” J.)e Candolle says tliat a “ species ” 
comprises “ all tliose individuals wliich mutually bear to 
each oth(‘r so close a r(‘S(‘mblance as to allow of our sup- 
posing tliat they may have proceeded originally from a 
single being or a single pair.” Woodward explains that 
a “ sjiccies” is constituted by “ all the specimens or indi- 
viduals which an; so mucJi alike that we may reasonably 
believe them to have descended from a (lonimon stock.” 
And, lastly, we find “species” by other writers to be de- 
fined as “ nil assemblage of individual animals which are 
supposed ;dl to have desc.end(;d from the same parents, 
and exhiliit the closest resemblance in all parts of their 
structure ; ” or as “ a number of animals so closely 
resembling each other that they all might be sujiposed 
to be the ofi*spring of the same parents, and in turn 
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to give birth to progeny exactly resembling them- 
selves.” 

Now, \he list of defiiiitions jnst cited, serves admirably 
to show the chief and essential ideas which the use of 
the term “ species ” involved at a period coni])aratively 
recent in tlie iiistory of biology. And these points were, 
firstly, the recognition of a certain degri*e of “resemblance” 
between the forms of which a “ species ” was (^omi)osed ; 
and, secondly, a community of descent, oi’ that the mem- 
bers of a s])ecies must have descendeil from a single pair, 
or from pairs of individuals of exactly similar nature. 
We thus s('e that tlie scientific term “si)ecies” is one 
wliicli, according to the former views, ndght he adecpiately 
and corrcc^tly enough rendenul by the common i)la(a^ word 
“ kind.” And accordingly the fiutt of two animals belong- 
ing to tlie saiiKi “ kind,” popularly spi^aking, lu'ccssitated, 
firstly, a close resemblance ludavcen tlnan ; and, se(?oiidly, 
the supposition that their ]>n»genitors were also similar to 
one another. 8uch were the ideas formerly involved in 
the us(^ of the term “ species ; ” and it will he well to bear 
these id(;as in mind, in order that wc may observe more 
clearly the natui-e of the swcc]fnig clnuigcs which of late 
years have; taken jdacc in opinions regarding the limits 
and significancii of the term. 

But if wo more candidly cousidm* the fori'going defini- 
tions, or if we investigate the further opinions of naturalists 
in the jiast irgarding “ sjieeies,” Ave find that they attached 
to “ spei.'ies ” a vmy constant and fixed degree »>f stability 
in form and relations. dTiey admitti^d that “spi‘cies” 
might, and very often did, vary j and that changes in 
form, size, <x)]onr, or general appearance, might, from the 
operation of external conditions, he produ(*od. And they 
further alloAVcd that the changes so produced in corrain 
individuals of the speiaes might even he transmitted to 
the progeny of such individuals, and that these alterations 
might in this way become more* or less of a permanent 
nature. Such individuals, or their progeny, in which 
“ variations ” hecame thus peryietuated, were known as 
“ Varieties.” These “ varieties,” however, in most cases, 
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showed a disposition to return to the likeness of the 

species ; ” but when a ‘‘ variety ” became to all appear- 
ance permanent, it constituted a ‘‘ race.” ‘‘ Races,” in 
other words, are permanent or perpetuated ‘Varieties.” 

Now, it is chiefly from the «admission of this greater or 
less degree of possible “ variation ” in species that the 
modern significance of the term has assumed so wide a 
difterence from that in which it was formerly held. And 
it is around this point that the heat and fury of the battle 
of tlic theories appear to rage. Hence the issue at large 
appears to assume the form of the question ‘ wli ether or 
not species ” is variable without the limits which former 
opinions set ; and, if so, wdiat are the caiis(;s or conditions 
which determine the variations, and to what degree; may 
such variations extend?’ Is Forbes’s dictum, that 

every true species ])resents in its individuals certain 
features, specific characters which distinguish it from 
every other species, as if the Creator had sd an f'xclusive 
mark or seal on each type,” consistent witli facts as they 
now stand ? And can we maintain, in the face of recent 
investigations, the community of descent and primitive 
origin of sijccies commonly insisted upon in the older 
definitions ? Such are the qu(;stions whicli the biologist 
has inevitably to meet and answer, and such is the bent 
of the observations to which Ave must next direttt atten- 
tion. 

Taking origin from the admission that the individuals 
of a ‘‘species” exhibit among themselves variations in 
form and stnu*ture, we find that modern theories 
assign to such variations not oidy a far Avider range than 
was formerly accorded, but the variations are also 
held to ])Ossess very intimate relations Avith the “ origin ” 
and ultimate development of the particular “ si)ccies ” in 
Avhich they are perceived, and with that of neigh- 
bouring or distantly connected species also. This state- 
ment leads us, then, to notice the first part of the 
question AAdiich Ave enunciated above — namely, “ Avhether 
species is variable Avithout the limits which former 
0]>mioiis set.” 
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Naturalists, as wo have observed, have long admitted 
the existence of variations in “ species ; ” and it is these 
variations, and the estimation in which they are held, that 
have caused so much dissension as to tlic universal recog- 
nition of many animal and plant forms as true and un- 
doubted species,” on the one baud, or as mere “ varie- 
ties” of a ^‘species,” on the other. And in certain 
species, the existence of so-called “ dimorphic ” or “ trimor- 
phic ” forms — tliat is, forms included in a single “ species,” 
but exliibitiiig ditferencos among tliemselves of insufficient 
value to constitute varieties ” — has but vendenMl the 
task of accurately limiting or defining such “ species ” all 
the more hopeless and confusing. Tlien, cvi'ii amojig the 
individuals composing most normal and i)eiiectly ascer- 
tained “ species,” there is no immimity from variation to 
a greater or less degree, but, on the contrary, a marked 
tendency towards alteration and variability. 

If the existence of this variation in “ species ” be ad- 
mitted — and we apprehend that it will now be universally 
allowed — it remains yet to be shown whether or not this 
variation exceeds the ordinaiy limits which arc commonly 
assigned to it. We have s(H.m that the vai’iation first 
becomes definable to form the ‘‘ variety,” and that the 
variety becomes perpetuated to form the race.” Now, 
if w'e admit that the ‘‘race” is subjcjct to the sann^ vari- 
ations to which the species is lial)le,then the “race” in turn 
becomes an unstable and mutable quantity. The influ- 
ences aliecting the individuals of the ^‘species” may 
equally well affect the individuals of the rac(j.” The 
conditions which vary the spec-ies ” may, in the order 
of a logical sequence, be supposed, and are, (japablc of 
cflecting “ variation ” in the “ race” also ; and if we con- 
ceive that variation may thus be illimitable, we are p/re- 
pared to admit that the divergence may inoceed almo5>t 
ail infiiiitiim. 

Such are the e,tt(Mjts which are now well ascertained, 
through the researches of Mr. Darwin and others, to Ijo 
produced among the constituent individuals of a “ species ” 
by the external and modifying influences of climate, food, 
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domestication, and by other causes allied in nature to 
these latter ; or even, in many cases, without the oj^era- 
tion of any ai)[)arent or defined cause. 

The question of the variation of species ” beyond the 
limits which former opinions set, may, I think, be thus 
settled by the confirniatioii that these limits are exceeded 
to an extent for which the older theories and definitions 
would be quite unprepared. Tlie question so far has been 
a morph oh^gi cal one. We have, in other words, been 
considering “ sjjecies ” relatively to variations in form, 
appearance, ami structure. 

Physiology appears in the iiext stage to answer the 
questioji as to “ community of descent,” and as to the 
degree to which such variati«ms may extend. "J’lie suppo- 
sition that “ species ” may have sprung from a single i)air, 
or from i)airs of similar indivitimds, we have obs(‘rved to 
underlie, in a greater or less degree, all the definitions of 
“ sjiecies ” which have been given. And accordingly we 
find this idea of a common and similar descent to be em- 
bodied in th(‘ g(Mierally aciu'jhed notions — namely, that 
the ])Ower of jiropagating and producing a progeny which 
shall b(i e(iMally c-apabh^ with the parents of perfectly 
reproducing tinh* like, is (‘onliiied to the individuals of 
each sjiecies ” or of each “ rac(g” as the case maybe. 
Ill other words, the so-called ‘‘ ])hy.si()logical siiecies ” is 
constituted by “grouj»s of individuals whicli breed freely 
together, tending to rejiroduce their like.” Tin* offspring 
of the true physiological s]>ecies, therefore, normally tend 
to resemble their iiarents, and iu turn to reiiroducc; their 
like. 

And such an admission or statement is merely tan- 
tamount to asserting that individuals belonging to 
different ^‘species” do not generally breed together; 
but that, if they do breed together, the jirogeny, 
known as “ cros»ses ” or “ hybrids,” will be sterile, 
or incapable of reproducing theif like. Put “hybrids” 
are not universally sterile. On the contrary, very 
many instances might be adduced to show that whilst 
“ hybrids ” have been perfectly fertile, tlui progeny of 
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admitted and true “ varieties ” of a species may be sterile. 
And, in the face of these and allied facts, the rigidity and 
unexceptionable nature of the pliysiological species " 
would appear to share no better fate than that wliich be- 
falls the morphological aspect of the term. The test of 
infertile Ijybridism,” therefor(\ as distinctive of the 
“ physiological sj)ecies,” is not of universal application. 
Whilst we admit its general truth, we must iwotest 
against its universal correctness. And wlieii we add to 
the foregoing considerations, that in many cases the hybrid 
“ races ” so [)roduced seem to be more nr l(‘ss |)erpetuated, 
and to continue to produce among themselves fertile pro- 
geny, wo shall have said enough to convince the reader 
that species,” in the light of a “ physiologicid ” (piantity, 
must present to our modern ideas a v(?ry ditfeivait asi)ect 
from that in which it W'jis regarded of old. 

The following conclusions, therefore, s('em fairly de> 
ducible from our considerations : — 

Firstly: That “siKvies” is of two hinds, or maybe 
regarded as involving two distinct yet connected aspects 
— “ morpljological s])eeies,” meaning the most limited 
group of individuals distiiiguislied by the possession of 
a common character, and sei)arat('(l IVoni all other gi‘oui)s 
by sucli a character ; and “ physiol ogi(*al s})eci('s,” denot- 
ing those groups of individuals ‘‘which Imx'd freely to- 
gether, tending to ]•(']>!*( )dnee tl)eir 

Secondly : That mother “ inor})h<»l<*gical ” Jior “jdiysio- 
logieal species ” an* constant (juantities, but ar(^, <m the 
(xmtrary, subject to greater or less degio'es of variatioji 
and eliauge. 

Tliinlly : Tliat the test of “ inh'rtile hybridism ” is 
rendered invalid in many eases by th(‘ recognition of the 
facts, that -svliilst certain individuals inay be even more 
fertile with iiidivii Inals of another s])e(*ies than wit!) those 
of their own, and whilst true “ vari('ti(;s” of a “ s})0<‘ies” 
may he sterile when interbred ; so, on the op})(>site side, 
the individuals of separate and entirely distinct “ specitvs,” 
and the hybrid ]»rogeny resulting tlierefroju, may be per- 
fectly fertile when “ crossed.” 
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Fourthly : The fertility or sterility of “ hybrids ’’ is 
subject to so great variation, that no great dependence can 
be placed upon deductions drawn from this latter source. 
The power of reproducing their like among “ hybrids ” 
appears to be afiected by conditions and causes differ- 
ent, in d('grec at any rate, from those which affect the 
species ” as a whole. And 

Fifthly : So far as research has proved, the fertility of 
‘‘ hybrids ” tends to become lessened in time — this fact 
to be taken consistently with the progress of experimental 
study and research. 

The term species” therefore possesses, in these days, 
a signiticanc.e widely altered from that in which it was 
formerly held. It no longer expresses an immutable or 
fixed ciuantity, neither does it possess an absolute mean- 
ing ; and n^cognising the shifting nature of the cpiestion 
as it now stands, we may, most consistently witli the 
demands of sci(!iitilic accuracy, regard “ sj^etaes ” in the 
light of an abstract term, of servi(;e to us in embodying 
an idea and starting-point in our system of classification. 
Tlic term may therefore b(? now taken to mean ‘ a group 
of individuals possessing a general likeness or resemblance 
to oiK' another, which, in the usual order of circumstances, 
produce new individuals; these latter exhibiting among 
themselves the same general rescmiblaiice, but liable in 
theraselv(‘S, and in the case of their progeny, to greater 
or less variatioii from the disthictive characters of the 
species.’ We thus cntir(‘ly, for the present, shun the 
(luestion of “ conimimity of descent,” from its more theo- 
retical and less tangible asj»ects at least. This consider- 
atitm will mon^ a])pro]>riately occn]>y us when treating of 
the theories regarding the origin of living forms in general. 
And it is also needful, by way of comdusiou, to remark, 
that the vai’iatitm ” mentioned in the latt(^r part of the 
abovT (h'linition of species is to be regarded, like the term 
‘bspeci(‘8” itself, as somewliat of an abstract term, em- 
bodying the recognition of cei'tain ])henoniena, but at the 
same time admitting the necessary imperfections of the 
data on whicli the existence of such phenomena or con- 
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ditions is founded — imperfections these, which time and 
research will undoubtedly go far to remedy and improve. 

Accepting, then, this provisional idea of species,” 
we have no difficulty in readily recognising the existence 
of many and familiar “species” of living forms i;? 
world around us. Wc familiarly talk of the 
“ species ” of animals or plants ; employing t.m term 
popularly, as already remarked, in the sense of the wortl 
“ kind.” Ill this abstract sense, tlierefore, any one 
animal and its progeny may constitute the tyi^e of a 
“ species ; ” and into such a group, all forms rt'lated to it 
by that nearness of relationship expressed by the term 
“kind” will be placed. For example, the “domestic” 
mouse and all its “kind” — that is, «all other “ domestic ” 
mice — constitute, in this light, a distinct “ species ” of 
mice. The essential of which statement lies in the patent 
fact, that all “ domestic ” mice exhibit certain characters, 
generally of constant nature, and by these characters they 
are distinguished from all other animals, and primarily from 
all oth(;r mice. Thus wc find certain characters in form 
and habits, by which we distinguish the “ domestic ” mouse 
from other “kinds” of mice, such as the “harvest”, 
mouse and “ field ” mouse. And Wc have in these latter 
forms, examples of two other “ kinds ” or “ species ” of 
mice, ajid further reseandi would, in all pro)>ability, 
bring as many more “ si3ecies ” to light. 8o with the 
differences between horses and asses, or between many 
other forms, which a cursory glance tlmoughout animal 
or plant worlds will detect and exemplify. 

A step upwards in the taxon omical ladder brings us to 
the “ genus,” which is defined as a group embracing a 
number of “ species,” closely allied to each other in all 
essentially structural peculiarities, but which may be 
subject to minor differences in form, colour, size, and 
general appearance. There is, therefore, a closer rcsem* 
blance and relationship between “genus” and “ species,” 
than between any of the other groups, in the scale of 
classification. The Rats thus form a group of sufficient 
nearness and resemblance to the Mice, to be included in 

K 
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unites the classes Mammalia^ Aves, Reptiliay Amphibia ^ 
and Pisces, to form the Vertebrate type, or “ sul>king- 
dom,” as it is termed in the scheme of classification. 

Such is a brief exposition of the system of classifica- 
tion of the animal series ; a scheme admirably suited to 
the purposes of the systematic naturalist, and which pre- 
sents the included forms in a sufficiently clear and ready 
manner, for the due investigation of the relations between 
individuals, or groups of individuals. The advance of 
scientific reseandi will, doubtless, detect its more special 
and particular imperfections, and at the same time tend 
to their amelioration ; but its general plan, founded on 
the deductions of morjihology and physiology, presents 
us with as near an approach to a tndy philosophical 
scheme as can well be cxjiectcd or desired. 

Lastly, the still existent and popular idea of a linear 
or continuous aiTangement of tlie animal or plant series 
may be briefly noticed in the present instance. Such an 
idea may be regarded as a lingering remnant of that 
primitive chissification already ])ointed out ; which, desti- 
tute of a sound basis of morphological and physiological 
knowledge, sought to arr.ange animal forms in a single, 
continuous, and unbroken series. And it was thus con- 
ceived possible that we could pass continuously, and 
through a graduated series of animals, from the lowest 
to the highest form ; each step or form in the series 
being supiuiscd to be liigher and lower than its respect- 
ive prede(;essor and successor. 

We have already seen, however, that the rank of every 
animal fonn is determined, firstly, by its special funda- 
mental structure or “ morphological type,” and secondly, 
by the relative degree of perfection to which the “ special 
isation of functions ” is carried out in its economy. 

There can, therefore, be no comparison drawn betwe 
any two animals belonging to diflerent morpholog' . 
types, on the ground of the greater physiological per 
tion of either ; nor, rice versa, can we compare twe/ 
mals physiologically the same, but belonging to difh 
types of structure. A Ccelenterate animal, in virt^ 
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its ‘‘ type,” is thus a higher animal than any Protozoan ; 
and, similarly, an Echinozoal animal is of a higher type 
of structure than a Conlenterate. Every Annulose form is 
morpholofjicaUy inferior to a Mollusc; but the higher 
Annxdosa — such as the insects, spiders, and crustaceans 
— arc pliysioloyicalhj higher than the lower Mollusca, 
represented by sea-mats ” and “ sea-squirts.” But if, 
following the dictates of a “ linear system ” of classifi- 
cation, wc were to arrange and classify the Mollusca and 
Anmilosa, wc should have to place the ‘‘sea-mats,” and 
other lower Molluscs, below the insects, spiders, and 
crustaceans — a procedure obviously inconsistent with the 
nature of eitlier series of organisms, when wc reflect that 
the “type” upon wliich the “sea-mats” and all other 
Molluscs are constructed, is a higher “type” than that 
upon which the Annulose body is built up. 

Thus tlic liighcr members of each ty|)e are physiologi- 
cally higher j and at the same time morphologically loxver, 
than the lower members of the superior and succeeding 
sul)-kingc^om. And whilst morphology thus refuses its 
assent to the constru(*.tiou of a “ linear classification ” on 
the ground of distinctive types, physiology also discoun- 
tenances the idea ou the ground that two organisms be- 
longing to diflerciit types of structure may i)Osscss an 
equal physiological status, wliich would render it impos- 
sible to classify one above the other in so far at least as 
the functional perfection of either was concerned. Both 
morphology and physiology, therefore, discountenance the 
idea and scheme of a “ linear series” of organic forms, as 
utterly incompatible with the natural arrangement, dis- 
position, and relations of living beings. Morphology and 
"siology, together, express the con’cct status of any 
fieii form ; but mere physiological differences are of no 
“nent in the free of the considerations relating to 
tin and to the fundamental plan of structure : that 
whi animal form must primarily be considered in re- 
obsei to its type. It can only be compared, so far, at 
and vte, as classification is concerned, with the mem- 
the ' .o. • ;.vpe, and not with those of any higher 
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Having acquired some idea of the nature of Species,” 
and bearing in mind the considerations winch, in the i)re- 
ceding Chapter, were brought before us, the present may 
be deemed the most fitting stage for a brief review of th« 
more important doctrines which in our day occupy 
scientific mind, and wliicli profess to elucidate the prirc^ry 
origin and successive development of the living fifms 
'which people our globe. Naturally enough, the hu*^*'^^ 
mind and imagination has not in any age rested 
with the mere admission that living forms exist, ^^^d 
pass, in the course of that existence, through a serr® 
changes more or less defined. On the contrary, 
observation of these changes lias led to the iuvcstig^i<^ii 
of the relations of forms in the past, and -until on 
other ; and, in a perfectly natural sequence, has fop'^cd 
the endeavour to trace through its com plicated^® 
the progress of creation and development, and ult^^^cly 
to arrive at a conception of the ‘‘ beginning ” itse* 

The pursuit of a task, which from iti^iature i^^scep 
tible of little or no aid from the coiisijeJ'Si^oii oP^ un- 
known “ past,” has necessitated the voj-y 
~^ran"aice?tainabk,‘,^'e§e^ it is 

ticular construction which may be p*ut tiie p 
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respective theories of the origin of life and living beings 
derive their characteristic tenets and tendencies. We 
have already seen that the species” forms the unit 
quantity of the organic series, and may therefore be held 
to represent in itself the entity peculiar to the whole 
series. Hence tlie theories which deal with the origin 
and relations of living beings, have directed their attention 
to the relations which exist between living “species” 
of animals and plants ; since it is from modifications and 
variations in the developiiKmt of individuals, that we may 
naturally argue respecting thcrelations of the larger groups 
which the collection and grouping together of individuals 
tend to form. 

It may be well at this stage to remind the reader 
that we now enter upon the domain of theory and 
hypothesis ; an assertion tantamount to the advice to 
be discriminating and cautious in our interpretation of 
the facts or experiments upon which tlie respective theories 
are based, and by which they are suijported. Nor do I 
think that to remind the student of science, in all its 
aspects, that the search after truth is to be his only and 
constant aim, is a duty at all lying without my present 
province as a teacher of the principles of biology. The 
sacrifice of ascertained facts and convictions to precon- 
ceived notions and ideas, is a crime in an avowed truth- 
seeker, which, unfortunately for the advance of truth of all 
kinds, is but too common in these days ; and one cannot 
escape the thought that the special odium attaching itself 
to any particular side or party, is the cause of more hind- 
rance to the advance of scientific thought than can well be 
(jonceived. Nor must it be lost sight of that the (-onclu- 
sions to which the earnest thinker may be led, may be, 
and very often are, at variance with the preconceived ideas 
of even religion itself. And hence arise those much-to- 
be-dei)lored conflicts, from which neither party can be said 
. to benefit, which frequently sow the germs of bitter enmity 
j^^between minds that might and ought to be above the ordi- 
nary run of human passions, and which further tend to 
foster the very spirit of antagonism between science and 
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Having acquired some )d(?a of the uaturo of “ Species,” 
and bearing in mind the considerations which, in the pre- 
ceding Chapter, were broiiglit before us, the present may 
be deemed the most fitting stage for a brief review of tl»e 
more important doctrines whicli in our day occupy 
scientific mind, and which profess to elucidate the prir^O^ 
origin and successive dcvelojnnent of the living f^^^s 
wdiich people our globe. Naturally enough, tlie 
mind and imagination has not in any age rested 
with the mere admission that living forms exist,^*^^! 
pass, in tlie course of that existence, through a ser® 
changes more or less defined. On the contrary, the^\®^^ 
observation of these changes has led to the investi''^^‘^ii 
of the relations of forms in the past, and wdtli oj 
other ; and, in a perfectly natural sequence, has ft-wed 
the endeavour to trace through its complicatec®®**^^® 
the progress of creation and development, and ul'^^^^^y 
to arrive at a conception of the beginning ” its^* 

The pursuit of a task, which froui itspiature suscep- 
tible of little or no aid from the cousiQj^iou o'^ |ui- 
known past/’ has necessitated the 
of anlascertakiaM^. is 

ticular construction which may be p’lt upon tlie 
derivation of the existing order of li\mg fojms, tl) 
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respective theories of the origin of life and living beings 
derive their characteristic tenets and tendencies. We 
have already seen that the “species” forms the unit 
quantity of the organic series, and may therefore be held 
to represent in itself the entity peculiar to the whole 
series. Hence the theories which deal with the origin 
and relations of living beings, have directed their attention 
to the relations which exist between living “species” 
of animals and plants ; since it is from modifications and 
variations in the development of individuals, that we may 
naturally argue respecting the relations of the larger groups 
which the collection and grouping together of individuals 
tend to form. 

It may be well at this stage to remind the reader 
that we now enter upon the domain of theory and 
hypothesis ; an assertion tantamount to the advice to 
be discriminating and cautious in our interpretation of 
the facts or experiments upon which the respective theories 
are based, and by which they are supported. Nor do I 
think that to remind the student of science, in all its 
aspects, that the search after truth is to be his only and 
constant aim, is a duty at all lying without my present 
province as a teacher of the principles orf biology. The 
sacrifice of ascertained facts and cojivictions to precon- 
ceived notions and ideas, is a crime in an avowed truth- 
seeker, which, unfortunately for the advance of truth of all 
kinds, is but too common in these days ; and one cannot 
escape the thought that the special odium attaching itself 
to any particular side or party, is the cause of more hind- 
rance to the advance of scientific thought than can well be 
conceived. Nor must it be lost sight of that the conclu- 
sions to which the earnest thinker may be led, may be, 
and very often are, at variance with the preconceived ideas 
of even religion itself. And hence arise those much-to- 
be-deplored conflicts, from which neither party can be said 
to benefit, which frequently sow thegenns of bitter enmity 
between minds that might and ought to be above the ordi- 
nary run of human passions, and which further tend to 
foster the very spirit of antagonism between science and 
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religion, which it is professedly the aim of both parties to 
avoid and extinguish. It is, in short, the old story of the 
fight between “ orthodoxy ” and ‘‘heterodoxy;” though 
we may account it a significant fact that the relative ideas 
involved in the use of these latter terms are susceptible of 
being very differently construed from the sense in which 
they are commonly used. Let plain truth and accuracy 
become ‘the watchwords of a true system of “ orthodoxy,” 
and we shall then be able to discern who are the obstruc- 
tives in the way of progress, scientific and social. These 
few considerations will not, I trust, be deemed unneces- 
sary in entering upon the study of a field of thought, 
which, more tlian any other, has been, and still is, the 
scene of much unseemly strife and argument. 

Two leading views or ideas w ould appear to have existed 
regarding the primitive origin of living forms, or “ origin 
of species,” as the snlyect-matter of the theories is now 
more commonly denominated. The first of tliese view^s 
is knowni as the “ Doctrine of Special Creation ; ” whilst 
the second, termed the “Doctrine of Evolution,” compre- 
hends, under this single term, a number of more or less 
closcly-allicd theories. 

The first-mentioned theory, depending upon and taking 
origin from tln^ rc'cognitioii of what has been termed 
“ tlic Hebrew cosmogony,” ])rcseuts us with a very plain 
and easily-understood explanation of the “ origin of 
s] )eci cs. ” This first hypothesis maintains th at each speci es 
originally sprang from one or more parent-stocks, these 
“ parent-species ” being “ specially created ” — that is, pro- 
diKjed by the o})eration of a supernatural creative powder. 
The theory" also is biiscd upon the recognition of the immu- 
table or unvarying nature of “species,” and upon the 
supposition that each “ species ” w^as created wdthin a 
certain area, termed its “ specific centre ; ” and that from 
this “centre” the “species” subsequently radiated and 
dispersed itself in an area more or less wide, and accord- 
ing as external conditions were favourable or jjrejudicial 
to its extension. 

As thus expressed, we have to bear in mind the follow- 
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ing points regarding this almost self-explanatory theory. 
Firstly, the operation of a creative power ; producing, 
secondly, the different distinct and generally immutable 
‘‘ species ; ” thirdly, the distribution of these species from 
“ specific centres ; ” and, fourthly, the accounting for 
geographical s(‘])aration of “sj>eeic8” by changes of geo- 
logical or physical nature, oi)erating subsequently to the 
creation of the species in their res[)ective specific 
centres.” 

The theories of evoluthni ” or transmutation,” as 
implied by the incaniiig of the term, maintain that the 
existing “ sjiecies ” of animals and plants have in all pro- 
bability been cvolrcd from, or are modifications of, pre- 
existing “ species ; ” or, to use the introductory words of 
Mr. Darwin liimself, “ that species uiuh^rgo modification, 
and that the existing forms of life are the descendants by 
true generation of pre-existing forms.” And canying 
the process of anah^gy and argument still further, the 
evolutionist may hold that all the varied and existing 
forms of life may, by a similar i)rocess of evolution from 
pre-existing forms, have arisen or been produced fi'om one, 
or from a few primreval forms. In other words, that 
existing species of animals and pdants may have had 
common progenitors, in a few ])rimitive and original forms 
of the simplest organisation. 

The following passage, culled from Mr. Darwin’s “ De- 
scent of Man,” will give a preliminary idea of the su])posed 
nature of the mode of origin and derivation of the highest 
form from pre-existing and lower forms “ Man,” ac- 
cording to Mr. Darwin, ^^is descended from a hairy 
quadruped, furnished with a tail and pointed ears, ]>vo- 
bably arboreal in its habits, and an inhabitant of the Old 
World. This creature, if its whole structure had l)een 
examined by a naturalist, would have been classed amongst 
the Quadrumana, as surely as would the common and still 
more ancient progenitor of the Old and New World 
monkeys. The Quadrumana and all the higher mammals 
are probably derived from an ancient marsupial animal, 
and this through a long line of diversified forms, either 
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from some reptilc-like or some amphibian-like creature, 
and this again from some fish-like animal. In the dim 
obscurity of the past we can see that the early progenitor 
of all the Vertebrata must have been an aquatic animal, 
provided with branchia), with the two sexes united in the 
same individual, and with the most important organs of 
the body (such as the brain and heart) imperfectly de- 
veloped. This animal seems to have been more like the 
larvm of our existing marine Ascidians than any other 
known form.” 

We find, however, that the “ theory of evolution ” is 
by no means so recent as we might be led to think. On 
the contrary, it i)ossesses a very considerable antiquity ; 
and although, in the present day, we find that theory and 
fact approach more closely than before, yet the ground- 
work of the hyi)othesis was laid many years ago. 
Lamarck was probably tin* first who advocated the theory 
on truly j^hilosophical grounds. ^J’liis naturalist, in the 
beginning of the present century, announced his conviction 
that living forms or “ species ” were merely modifications 
of, or w(}re descended from, })rc-cxisting “ species.” And 
Lamarck further believed that the perpetuation of new 
forms so produced, was secured by the agency of physical 
or extei’nal conditions, by the effects of interbreeding, and 
by the results of the use or disuse of organs or parts. 
Such were the chief ideas involved in Lamarck’s “ Theor}^ 
of Progressive Development.” And although, since the 
days of Lamar(;k, evolutionists have seen rcjison to discard 
his more particular and ])eculiar views, yet the ])rinciple 
he asserts remains essentially the same — the theorists of 
to-day differing from him only in the recognition and 
maintenance of different means or agencies by which the 
primary process of the modification of ‘‘species” is 
brought about. 

The “ Darwinian hypothesis ” forms the chief bulwark 
of Evolutionism in the present day. The theory promul- 
gated by Mr. Darwin has acquired a fame far exceeding 
that which has attached to any previous hypothesis, and 
there are few educated persons who do not possess some 
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knowledge of the main ideas and principles involved in 
this theory. 

In this hypothesis Mr. Darwin accounts for the 
modification of species, by primarily supposing the ex- 
istence of certain primitive and common stocks or pro- 
genitors, and the development from these common stocks 
of ‘‘ varieties.” These ‘‘ varieties ” by perpetuation 
become first converted into “ races,” and from ‘^races'” 
into new and distinct “ sj>ecies.” The agency by which 
this process of evolution — first of “ varieties,” then of 
‘‘ races,” and finally of “ s])ccies ” — is accomplished, is 
that of “ Natural Selection ; ” a process excni]>lified in the 
“ artificial selection ” exercised by man in mating together 
individuals of a species which ])ossess any special varia- 
tion from the specific ” ty})e. In this way, man, by the 
“ artificial selection ” of particular individuals, perpetu- 
ates “varieties” to form “races;” and similarly, by 
“ natural selection,” nature may be sui)posed to sdect 
individuals which possess any peculiarities or variations, 
and thus cause these variations to be perpetuated, to form, 
firstly, “ varieties,” then “ races,” and finally distinct 
“ species.” The expression, “ struggle for existence,” has 
been brought into use to imply tl]C conditions under wliich 
“ natural selection ” operates ; those conditions consisting 
in the competition for food, and for the other m^cessaries 
of existence. And hence this struggle for existence re- 
sults in the “survival of the fittest;” the “fittest” 
forms being those in which peculiarities of form or 
habits exist, and which, therefore, transmit to their 
progeny tliose variations, from the i)erpetuation of which, 
“ varieties,” “ races,” and “ species,” arc respectively 
evolved. 

Latterly, Mr. Darwin has introduced into his theory 
another modifying influence, namely, that of “ Sexual 
selection.” The instincts of sex and of the sexual rela 
tions of forms, are by this second theory believed to exer- 
cise a powerful influence over the production of variations 
in form. 

The primary points from which Mr. Darwin proceeds 
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to draw his conclusions, and upon which his hypothesis 
is based, are those, firstly, of the recognition of variations 
among the individuals of a “ species,’^ and of such varia- 
tions being capable of transmission, so as to become per- 
petuated in “ races.” 

We have already observed that there is an admitted 
tendeiK.-y to variation and modification of the “ sijecific 
ty]ie ” among the individuals of most species ; ” the gene- 
ral resemblance of the progeny to the parent exhibiting vari- 
ation to such a dc^gree, that in some cases the divergence 
amounts to a positive unlikeness. Sueli divergence gene- 
rally tends to become perpetuated, although the limits of 
divergence, ecpially with the extent of perpetuation and 
with the causes of variation, are as yet comparatively 
undetermined. Concerning tlu^se points Mr. Darwin 
says — ‘‘ The cfTects (of variations) on the offspring are 
either (hTinito or indefinite. IMiey may be considered as 
definite when all or nearly all the oflspring of individuals 
expos(‘d to certain conditions during several geiuTations 
are modified in the same maimer. It is extremely difh- 
(iult to <'ome to any conclusion in regard to the extent of 
the changes which have been thus definitely induced. 
Tliere ean, however, bo litth* doubt about many slight 
changes, — such as size from the amount of food, colour from 
the nature of the food, thickness of the skin and hair from 
climate, etc. Each of the endless variations which we see 
in the ])lnma.gc of our fowls must have had some efficient 


(jause ; and if the same cause were to act uniformly, during 
a long scrip’s of generations, on many individuals, all pro- 
bably would be modified in the same manner 

Indefinite variability is a much more commoii result 
changed conditions than definite variability, and has pro- 
bably j)layed a more im}iortant jiart in the formation 
our (lomostie races. We see indefinite variability in ' 
endless slight ireculiaritics which distinguish the i 


viduals of the same species, and w hich cannot be acc 
for by inheritance from cither parent or from 
remote ancestor.” romul- 

The proofs of such variations being capable of 

and 


some 
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mission are at once numerous and well-ascertained, and 
we need not therefore take up spa(*-e by re])eating and 
proving here what every biologist, whether inclining to 
evolutionism or not, will reatlily admit. Mr. Darwin 
believes that a normal process of true generation ” or 
'‘inheritance” will, in ordinary cases, sullice for the 
transmission of variations to progeny. 

The next point to wliich attention may bo called, is the 
possibility of ])rodiicing a breed ” in which the vari- 
ations and peculiarities just alluded to will in tuni be 
2)er])ctu((U‘(J. Exanij)les in ]>roof of this ]K>ssibility are 
found ill the process of “ artiticial selection,’’ by means of 
which breeders of stock have suc(‘t‘cded in n'lidcriug j)er 
manent the variations or peculiarities f auul in dillerent 
individuals of a species, and from “varieties ” so consti- 
tuted, new and distinct “races” have eventually beem 
formed. And a ciiief jioint in the argument is ludd to 
l>e tlie fa(^t that such artitieially-selecU'd “ ravt's ” arc dis- 
tinguished by characters as distinct as tluhst* Avhich dis- 
tinguish and sei)arate true “ s]»ecies.” 

Next in tlic cliain of evidence come the links rtdating 
to the variability in turn of the “ raiass.” As vari<‘ti(^s ” 
have been produced from “ spe('ie.s,” and jH‘rj>etuated 
“races” from the mere “ varieties,” so it is assunu'd vari- 
ations will arise among the ra<*(‘s so jjroduced. A length- 
ened period of time is demanded, no iloulit, fir the evo- 
lution of the new “sj)ecii*s ” from the “ races and tliis 
demand for time has formetl, as we shall have. «>crasion to 
observe, one of the chief objections to Mr. Darwin’s tlieory. 
But, even in the face of this objection, we may not only 
tind, it is alleged, new “races” evohed from existing 
and preAuously inodilietl “ races,” but these new “ races ’ 
may evince diflerences in structiu’c so remarkable and 
obvious as to resemble those which exist hetweon ordinary 
and recognised “genera” and “species." Thus, from 
the single species of the Kock-Pigeon {Coluonha Itvia)^ 
diave descended numerous breeds, these latter differing 
Jfrom each other in important points connected Avith size, 
form, habits, and colour ; with the arrangement and num- 
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ber of feathers ; with the development of the uropy- 
gium ” or oil-gland ; and with the number of vertebrae 
or segments in the spine. Now, these eliaracters are 
exactly those by which any ornithologist would distin- 
guish between true “ species.” In other words, the cha- 
racters whicli separate these derived breeds or “ ra(^es,” 
are similar to those wliich would, in ordinary instances, 
be distinctive of species.” 

A curious and significant fact in regard to these derived 

races,” and one wortliy of remembrance is, that occasion- 
ally we find in tame and “ derived ” pigeons, and in other 
fonns, some characteristic and special markings peculiar 
to the Rock-Pigeon or original progenitor from which the 
various ‘‘races” have, as already remarked, been satis- 
factorily i)roved to s])ring. "J’liis ])erpotuation of “race- 
likeness,” or “ atavism,” as it is called, is to bo accounted 
one of the proofs of the transmission, even through many 
degrees of kinshi]), of the characters ]>eculiar t(> the 
original and (hTivative “stock.” 

The argiinients formerly so conlidently believed in, 
with regard to the sterility of “ hylnids,” liaA e previously 
been shown to be founded on insecure grounds, altliough 
admittedly this subject is one whieli requires further re- 
s(\arch. We have already seen that the fertility of such 
crossetl and iuba’iningled forms is, in all pi*obahility, 
destroyed throng) i time. 

Bearing in mind th(‘ foregoing and preliminary i)oiiits- 
ill tlie th(‘oiy, we now proceed to consider tlie more 
intimate aspects of “ Natural Selection.” 

The next link is constituted hy the statement, for the 
admission of which wc'. are (piitc prepju-ed — namely, that 
the high ra.t(‘ of increase of animals and plants inevitably 
tends to the iiroduction of more individuals tliaii can 
])Ossibly he jirovided for. “ Hence,” says Mr. Darwin, 
“ as more iiulividuals are produced tlian can possibly 
survive', tlu're must in every case he a struggle for exist- 
ence, either one individual with another of the same 
species, or with the individuals of distinct species, or 
with the physical conditions of life. It is the doctrine 
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of Malthiis, applied with manifold force to the whole 
animal and vegetable kingdoms ; for, in this case, there 
can be no artificial increase of food, and no prudential 
restraint from marriage. Although some species may be 
now increasing, more or less mpiiUy, in numbers, all can- 
not do so, for the world would not hold them.” 

This progressive geometrical iiionuise, then, is held to 
be a primary condition, iniliiencing the existence and 
operation of the principle of ‘‘Natural Selection.” Tlu* 
“struggle for existence” is thus recognised, and in the 
“struggle” those individuals of a “species” wliicli ])os- 
sess any peculiarity or variation, will tend t(» be ))re- 
served in virtue of the ])rocess of “ natural sclccti<»n,” 
over those individuals which do not i)ossess such peculiari- 
ties, and which latter, therefore, fall in the “ struggle 
whilst the former, with their variability, are i>reserved, 
and perpetuate their peculiariti(‘s in their otlsj)i‘ing. 

Then, finally, this perpetuativc* process in time inten- 
sities the peeuliarities whicli the “ favoured individuals ” 
exhibit, and so the “ varieties” l)ecome “favoured races,” 
uid tlie races tend to merge? into distinct “speeiics,” suf- 
rteient or “infinite” time being allowed to the ])erpetua- 
rivc progress. The ditlereiiee l)etween a stable “ variety” 
ind an ordinary “sjjecies” is thus to be; considered as a 
lifierence only of de^gree, and one whic.h, from b(‘ing 
dainly penieptiblo, insensibly and (eventually disajjjuears. 

Such, brictly stated, are the leading ideas iu the tlieory 
*f devel(»i)ineiit by “ natural selection.” Tlio data 
ipon which the theory of “sexual selection” has nione 
eceiitly become su])plementary, and iu some (hegree sub- 
idiary, to the former tiieory, arc ch icily founded on the 
act that j)(!culiariti(.*s and variations in structure may 
\e traiisndtted and perpetuated through the “ sexual 
truggles ” in whieli animals arc Avell known to engage, 
nd in whicli the males, which j)uss(?ss certain peeuliari- 
ies, will tend to become progenitors b(‘fore those d(?sti- 
ute of such peculiarities or variations. Tlius, those 
[lales whicli are the strong(*r and the better endowed 
rith physical powers, may, iu many instances gain jios- 
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session of the females ; whilst, in other cases, the females 
appear to literally “ select ” the males, being drawn to- 
wards the latter by their brilliancy of plumage, beauty 
of contour, peculiarity of odour, or excellence in voice. 
These distinctive points are in fact so many peculiarities, 
whicli will be naturally transmitted to the progeny, and 
so become intensified in tlie progress of perpetuation. 

These ideas may serve to guide the reader in his per- 
sonal (‘xamination and perusal of Mr. Darwin’s works ; 
for to remain ignorant of the facts and theories therein 
expressed, Avould l)e to ignore the most fertile source of 
advance and jwogress in biological thouglit, which the 
] )resent ctmtnry, great as it is in fK)wer of researcli, has seen. 
However authorities high in worth and position may differ 
from tlie tlieory, aiul however deficient or erroneous many 
points miiy hereaft(?r be proved to be, we must acknow- 
ledge tliat, by its aid, not only have many vjiliiable 
biological principles been constructed or strengthened, 
but we also receive, through the facts and research inci- 
dental to tlie tlieoiy, many explanations of biological 
l)henom(‘na which fornuTly were either neglected or con- 
sidcnal Avliolly inexplicable. Indeed, the influence of 
researches and thoughts such as those of Mr. Darwin, 
has stimulated and invigorated workers in all depart- 
ments of natural science ; and, although we may differ 
from the ulterior views which the theory and its facts 
tend to sujiport, we must still own and admire the 
earnest work and laliorious research which have contri- 
buted so largely to our stores of knowledge. AVe would 
certainly prefer to support a scheme advocating the recog- 
nition of certain and defined laws, even though these 
necessitate the destruction of seemingly sound views, than 
to adhere to the opposite and other extreme of maintain- 
ing a system without regulation, or, at any rate, one, the 
regulation of which we must profess ourselves incompe- 
tent to explain. 

As might be expected, the Darwinian theory has been 
subjected to many searching criticisms, with the general 
result of modifying several important features and 
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particulars. Tlie chief arguments against the hypothesis 
of ‘‘ natural selection ” are founded on, or drawn from, 
the consideration of the following points : — 

Firstly, that tlie theory of “ Natural Selection,” per 
se, is incompetent to account for the beginning or initia- 
tory stages of tlie variations, upon tlie jiresenee and ulte- 
rior transmission of which, the theory, as we have shown, 
principally depends. That tht^se variations are sulyect 
to and regulated by emdain <letenninable laws there can 
be no doubt, but of these laws ]\lr. Darwin’s theoiy can 
give us no account. The men* hajinuinif)^ of those stages 
of variation, which appear in course of their full develop- 
ment t(» 1-H^ so fully accounted for, are thus left unex- 
plained and undetermined. 

Then, secondly, just as Ave perceiA’X‘ in individuals varia- 
tions Avhich are capable of transmission and of being 
perpetuated, so it may ecjually Avell be maintained that 
other kinds of variations and peculiarities exist, Avhicli 
latter, so far from tending to preserve and jxapetuate tlie 
“ species,” would, on the ontrary, conduce to its exter- 
mination. The existence of these unfavourable variations, 
and their efiects, the theory of “Natural Selection” ap- 
i/cars inade([uate to explain. 

Thirdly, the ditlieulty of proving that variations may 
occur in more tlian one*, individual of a “s]»ecies” at 
one time, is supjjo.sed to found another objection to the 
favouralde recognitioji of tin* tluMiry. ‘‘ ISbitiiral Selec- 
tioji, ” it is hehl, must re<juire for tlie dm* jierpetuation 
of variations, the existence, in a luimhrr of 
of the peculiarities to be transmitttd. It is accordingly 
denied that s]»ccific ])eculiarities occur, citlier in such a 
number of imlividiials, or an' so frc«jiuaitly exliibited, as 
to Avarraiit the belief that the jauccss of “ selection ” 
alone is cuinpot(mt to oticct so great and ulterior changes 
in the form and constitution of tlu! “ species.” 

Fourthly, “ Natural Selection ” ap|)ears to take no cog- 
nisance of the hicts that tlie progimy of many “ species ” 
includes normally sterile individuals, iiicajiable of rejiro- 
ducing their like. Examples of such sexless forms are 

L 
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seen in the so-called “ neuters ” of many insects, siu;li as 
the Bees and Ants. The evolutionist would, probably, 
account for such peculiarities by supposin^^ tbe existence 
of some primary cause or condition affecting the develop- 
ment in these forms of the reproductive organs ; but, at 
the same time, this mere statement is quite ina<](^quate to 
explain the jn'oductioii of such individuals from parents 
whose reyn'oductive organs arc fully and perfectly dev(‘- 
loj)ed. Tlie (ionsideration of the ordinary law of inlnuit- 
ance, in virtue of wlii(di alone the proc<'ss of “ Natural 
Selection ” is conceivable of operating, otlers, in a cas(‘ 
like the present, a grave objection to the tlicoiy. 

Fifthly, naturalists are by no means agreed :is to tln^ 
limits by which the variability of “species” is confined. 
We have already seen that “Natural Selection” chiefly 
relies u]Hm th(‘ “ indefinite* variability ” of forms - that is, 
it maintains that tlicri^ is no ahsolnb* limit to the extent 
of possible variation. Mr. ]\livart, in his “ (b'nesis of Spe- 
cies ” — one of the most jdiilosophic of the many works 
which o))])os(i the I Darwinian thi‘ory- state's this objection 

thus : “ 'riie; opinion that speei(\s have' de'finite thougli 

very different limits to their variability is still tenable. ” 
Everyone* must admit that e‘vcry sj)e?ci(\s is “ A'ariablo” to 
a greater en* le‘ss d(‘gre*e ; hut conside‘rable diffen'iiete exists 
as to the ja’obahle boundaries of snob variability. C)ur 
utter ignorance* of ilie laws wliie-h gOAcrii tlie'se variations 
is, as lias b(‘en edsewbere [lointcd ont, a chief reason for 
proiiouneing a very guardeel opinion eai this henid. But 
from a e*areful eonsideuation of the facts whiedi have 
alreaely been breniglit to light, there ajipear grounds for 
tho’bedied tliat a limit eloes exist to these variations ; anel 
the instances, in cases of variation, of “ atavism,” or 
‘‘ reversion ” to the eharae-ters of the original “ stock,” 
seem to slmw the tendency of variability to become 
limited or diminished, and to give place to tlio original 
characters of the “ syiecies.” IMr. IMii art cites as ex- 
amples of this “ atavism ” or reversion,” the hiet that 
“ the feral rabbits of Porto Santo, Jamaica, and the Falk- 
land Islands, have not yet so reverted in those several 
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localities. Nevertheless, a Porto Santo rabbit brought to 
England reverted in a manner tln^ most striking, recover- 
ing the proper colour of its fur ^ in rather less than four 
years ] ’ (Darwin). Again, the white silk fowl, in our cli- 
mate, ‘reverts to tlie ordinary colour of the common fowl 
in its skill and bones, due can' having betni taken to pre- 
vent any cross ’ (l)arwiii). This reversion taking place in 
spite of careful selection is v<‘ry reniai kalJe. * * 

These facts seenn certainly to tell in favour of limited 
variability, while the cases of non-reversion do not con- 
tradict it, as it is not contendeil tliat all sjH'cies have the 
same tendency to revert, but rather that their capacities 
in this n'spi'ct, as wdl as for change, are ditlerent in 
different kinds, so tliat (dteii reversion may only show 
itself at the t'nd of very long]M*riods indeed.” 

Sixthly, “Natural St^leclion ” a]>pears ineomp(‘tent to 
exjJaiii the many instanees of suddiai d(‘velojnnent of 
“ specific ditlereucc^s.” Wc hav(‘- setm that, in tln^ view 
of Mr. Darwin’s hyj>othesis, “ Natural Seh'ction ” acts 
essentially and only through long ]H'riods of tinus and 
tends to prodin-e differences in species in a vaay gradual 
manner, lii oj>]»ositiou to this opinion it is atUnupted to 
be sliown tliat “spe(*itic dillerences’’ fr(‘(|U{‘ntly beconn* 
a])])areiit at once, and suddenly ; and in this view (Inav 
must b(^ some otlier and e((nally important and pow('rfnl 
eause than the slowly-o])erating one of “Natural Selec- 
tion.” 

Mr. IMivart notices, in supfiort of tliis ohjcction to 
Mr. Darwin’s theory, the sudden dcv(‘]oj)nM'nt in oysters 
removed from “the shores of England and placed in the 
Mediterranean,” of a “ nuMle of growtli,” and of “ proini 
nent diverging rays, JlJ.r tliDS* nf fhr /ni>p>:r Mnlitcrntiufui 
oyster.’’ In this, and in many similar instanees, tliere 
fore, “ Natural Selection ” ap}u*ars incompcA(mt to exi'lain 
l)henomcna, which in theinsclves exhibit riisults, attaiie 
able, in virtue uf Mr. Darwin’s theory, nidy through a 
long course of years, and through innumerable stages of 
perpetuated variation. 

In the seventh place, the absence of what are known 
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as transitional forms ” between species, aftbrds an argu- 
ment of considerable power against the evolutionist 
theories. “ Certain fossil transitional forms are absent, 
which might liavc been expected to be present.” The 
(question before us is, therefore, one of time — the exist- 
ence in time past of intermediate forms,” and the pro- 
bability of the duration of past time, as insufficient for 
the puri)Oses of tlie evolutionist. 

Firstly, then, if existent species have descended from 
pre-existing forms by a process of modification of these 
latter, we might rcasonaldy and naturally ex}>ect to find 
in the j).‘ist or geological history of our earth, traces of 
intermediate organisms, which would connect existing 
forms with those sjiecies from which they were evolved. 
And tlii'se ‘‘ transitional ” forms would tbus unite in 
themselves the structural pecidiurities of the pre existing 
and of the derived species. l)o(‘s the stmly of fossil 
organisms, of j lal a ‘ontoh and of geological life and 
time, th(‘refor(^ revc^al any such forms'? Can the pahe- 
ontologist, ill other words, iioint to fossil organisms, 
which can be said to evince a transitional nature of this 
kind, or to form coniKHding or iutiu’mediate links in the 
gradiiatial scale of structure, which the evolutionist 
necessarily proposes and requires 1 These (lueries must 
be answered in the negative, sin(*e the study of paleon- 
tology has not brought to light any organisms which can- 
not be referred to (‘xistiiig tyj)cs of structure, and which 
therefore can be said to presmit in themselves the united 
eharaiders of any two known sjieeios. lint if the evolu- 
tionist tlieory he true, we should expect to find very 
many examples of such forms. The continuous and 
graduated structural ebaiu which the evolutionist de- 
mands has, tlierefore, no existence in nature. The 
geological nu’ord n'veals only firms separated from each 
other l)v boundaries and eharacters as sharply defined as 
those Avhich mark the difierences hetweeii existent species. 
The missing links which paheontolog}^ should suiqily are 
thus wanting ; and even in the new and most recent life- 
periods, which include the fossil remaius of those forms 
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at present existent, and of those species most nearly 
allied to them, we cannot detect any evidence of transi- 
tional forms connecting intermediately the forms of the 
present with those of tlie past. 

It is, however, to be noted that very high authorities 
have attempted to demonstrate the existence of organisms 
which unite the characters of distinct ‘‘ sjiccies ” of aninial 
forms ; and which, therefore, may be sni>posed to exhibit 
that gradation of form consistent with the theory of the 
evolution of existing forms from ])re-existing “ species.” 
Thus the extinct Dinosunnan (Reptilian) forms have been 
asserted to exhibit marks of identity with birds on the 
one hand, and with reptiles on the other ; that, in short, tlu‘ 
Diiiosauria represent agrou]> of transitional forms, exem- 
plifying the gradual evolution of the bird-fonii from that 
of the reptile. As Mr. Mivart remarks, however, ^‘the 
mass of paheontological evidence is indeed overwhelmingly 
against minute and gradual modilication. It is true that 
when once an aiiiuial Inis obtiiincd powers of llight its 
means of diffusion are indefinitely iiicrejised, and we 
might expect to hiid many relies of an aerial form and 
few of its antecedent state — with nas(!ent wings just com- 
mencing their susjicnsory powder. Yet had such a slow 
mode of origin, as Darwinians contend for, oj)erate(l 
exclusively in all cases, it is absolutely incredibh^ that 
birds, bats, and pterodactylos, should have I(;ft th(^ 
remains they have, and yet not a single relic be })reserved 
in any one inshince of any of these different forms of 
wljig in their in(1i)ient and relatively ijiiperfect functional 
condition ! 

“AVhenever the remains of bats have been found tiny 
have presented the exact type of existing forms, and 
there is as yet no indication (»f the conditions of an inci* 
pient elevation from the ground. 

“ The pterodactylos, again, though a numerous group, 
arc all true and perfect pterodiictyles, though surely 
of the many indpient forms which, on tlie Darwinian 
theory, have existed, must have had a good chance of 
preservation.” 
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Wh(?re forms approaching in nature to the interinediato 
exist therefore, they are themselves distinctly separated 
from tlie groups with which they are related, and the 
gaps between forms thus seemingly allied, are in this 
way left yawning as widely as before. The Dinosaur 
may be conceived, for example, to unite something of the 
bird with something of the reptile ; but we still require, 
for th(‘ i)urposes of “ Natural Selection” — if not for the 
purposes of all other forms of the evolutionary theory — the 
existence of a multitude of forms repn'sentiiig the gra- 
dual and suc(^essive stages of modification b(d-wTen those 
rudely transitional organisms. We yet recpiire to bridge 
over the immense space wiiich intervenes between the 
llci)tile and the. Dinosaur, and then between the Dino' 
saur and the Gird. Natural Selection ” (hnnands a 
host f)f giudiiated and transitional forms, whi(.-h paleon- 
tology fails to furnish ; and the subject is further eom- 
plicnted for th(‘ Darwinian theory, if we consider that 
such ti'ansitional forms should, on all a<*counts, have had 
as good chaiic<^- of jm'servation as the Dinosaur itself. 
And, as has been iemark(‘d, the preservation of the 
Dinosjiur alone, and the abstnee of any intermediate 
forms, ]iiay be used as an argumicnt in favour of the 
jioint already insisted u])on — namely, the “sudden,” 
instead of tin' “ selective,” and consequently gradual, 
origin of “ species.” 

The (juestion of time also offers a second aspect un- 
favourable to the theory of “Natural Selection” in 
]iarticular and of “PNolution ” in general. We have 
already seen that the evolutionist requires an immense 
period of time for the necessarily slow and gradual origin 
of new “ si)ecies ” through and from pre-existing forms. 
Physicists have accordingly seen reason to dispute the 
fact of the i)ossibility of time piist having been of dura- 
tion sufficiently long for the purposes of the evolutionist. 
Time ]Kist for him must be practically infinite ; but the 
physicist holds that his demand is excessive, and inepn- 
sistent with the results of physical research. 

Sir William Thomson’s views are those which arc 
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commonly quoted against this demand for time infinite. 
These views are founded on certain calculations recently 
made by the above-mentioned distinguished i)hysicist, with 
the result of restricting time past to a period of duration 
overwlielmingly below- that required for the modification 
of species according to the theory of “ NTatural Selection,” 
and thus ])ractically inadequate in every way for the 
operation of the selectiv(‘ ” jnwess. Xo siu^ccssful 
attonqU at refutation of thes(‘ views has as yet been 
made by ]\Ir. Darwin or his suj>porters, and the argument 
thus derivabl(‘, from the question of time is on« of the 
most jjotent against tlie evolutionist’s views. 

Altliongli tlie evolutionist may, tlu'refore, cut down 
and limit the time required for specific changi^ yet by his 
own showing that change is of slow opc'rat ion, and of very 
gradual i»rogress. And he is thorelbri^ placi'd in tlie 
dilemma either of shortening the period of time he requiri^s, 
or of hastiaiing the “ selective ” jirocess ; either of which 
modifications will tend to powerfidly militate against the 
validity of his tlieory. 

Lastly, the theoiy of ‘‘ Natural Selection ” is jiroved to 
1)0 at variance with certain facts observed in the geo- 
graphical distribution of living forms. Tlie distribution 
ill space of nearly- all ieil “ s]iecies,” according to Mr. 
Darwin’s theory, should evince a certain amount of near 
relation — that is, nearly-allied s])eci(^s should consistently 
lie situated in a]»proximate trac.ts or jiortions of tliis earth’s 
surface. Now, a review of the distributional aspects of 
living beings sliows us that, in many cases, species of 
closely-related nature are situated in wi(liily-s(‘])arated 
portions of tlie earth’s surfac(‘, and under circumstances 
which otherwise militate against the applii^ation of this 
theory. No doubt geologi<^al and jhysical changes of 
very vast extiait may be regarded as suttieieiit to account 
for the dispersion of these forms ; but this very exjdanatioii 
tells somewhat against the o|>eration of the selective ” 
process, nvpiiring, as it does, tin; existence of cornpaia 
tively undisturbed surrouudings for the gradual develo})- 
incnt of those ‘‘ minute, indefinite, and fortuitous vari- 



i0‘. PRINCIPLES OF ZOOLOGY. 

ations,” on which the progress of Natural Selection ** 
fundamentally depends. 

Regarding the subsidiary theory of Sexual Selection,” 
which is supposed to supply certain wants or gaps in its 
companion hypothesis, many objections have in turn been 
entertained to its favourable reception. The presen{*e of 
colour, sound, odour, in animal forms, as affording means 
for the pci’petuation of variations by sexual selection, is 
not alwjiys satisfactorily explained on this footing. Thus, 
among the higher apes the males are adorned with brilliant 
colours, yet the wx'akcr females appear to possess or exer- 
cise no power of ^‘selection.” Or amongst savages, as 
remarked by Mr. Wallace, their singing is a more or 
less monotonous howling, and the females seldom sing 
at all. Savages certainly nev(*r choose tluir wives for 
fine voi(;es, but for rude health, and strength, and phy- 
sical beauty.” ‘‘ Sexual sel(‘ction,” lie adds, could not 
therefore have developed this wonderful ])Ower (<d* singing), 
which only comes into play j^mong civilised peojde.” The 
varied hues of many lower forms of life, such as are seen 
among slicll-fish, must exist independently of the operation 
of “ sexujil selection.” Sirnx impregnation is effected in 
these cases ‘‘ by the mere action of currents of water, and 
the least beautiful individual has fully as good a chance 
of becoming a parent as has the one Avhieb is the most 
favoured in beauty of form and colour.” And so, in many 
similar instances, the doctrine of ‘‘ sexual selection ” can 
be shown to be inadequate to the explanation of most of 
the cases in which the conditions it requires to begin with 
are present in a]»parently full perfection. 

Whilst thus the theories of the evolutionary origin of 
species endeavour each to reconcile to its particular ideas 
the probable causes and conditions which prompted and 
directed the existing order and relations of living forms, 
we observe tliat not one is exempt from objections, more 
or less grave, to its reception in toto. Yet from each we 
may derive a certain amount of information — from some 
a greater degree and from others a less degree ; and, so 
far from such labours being discouraged, as is occasionally 
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inculcated upon us, it is clearly our duty to aid in all 
efforts which tend to the elucidation of the causes and 
means whereby this wondrous universe and its varied 
population have been derived, formed, and arranged. 
And, as a final tliought, we must take into considera- 
tion the important fact, that future researcli will, if 
honestly pursued, tend either to the clear demonstration 
of truth, or to the exposure of inconsi.>tt'ncy and error. 
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“ Histolojry” — Tiitiniate Structure of tlic Tissues of Living Beings 
— Cells, Fibres, and Membranes— -History and Structure of the 
Cell — (,!ell'\vall — Cell -contents — Nucleus — Analogy between 
the Cell and tbe Entire Organism — Physiology and F'unetions 
of Cells— Vital Properties of Cells— (Jell-reiu‘oduction — Origin 
of Cells— Theories of Schw^ann, Goodsir, Huxley, Bennett, and 
Beale —Helation of flells to Bioplasm — Idea of a “Molecular 
Bio])lasm as the ultimate Con.stituent of Vitality. 

The t('rin Hhtoloipj has born ajiplied to that department 
of iii()rj)hologdcal scionce wliicli lias for its aim the in- 
vestigation of the minnte stru(*ture and composition of 
the tissues of wliich tlie living organism is composeil. 
The hirtli and ju’ogrcss of this branch of biological incpiiry 
is essentially one with the invention and progressive im- 
])roveincnt of tin* microscojKi, since the prosecution of 
histological research is carried on solely by moans of this 
invaluable instrument. And hence the term “ microscopi- 
(tal morphology,” might be used synonymously with that 
of “ histology.” To the rapid strides and consequent 
extension of information and ideas which the active study 
of histology made and produced, we owe the elucidation 
of uiany intricate jioints concerning the more abstruse 
aspects which tlie study of life and organisation presents 
to the investigator. Such a branch of inquiry as that at 
whicjli, in the present Chapter, we propose to cast a passing 
glance, therefore tends, more perhaps than any other de- 
})artiuent of biological science, to bring us face to face 
with the apparently ultimate hounds of human know- 
ledge ; and to the influence of microscopical research into 
the intimate strii(;tures of living beings, may in greater 
part be ascribed the multiplication of theories respecting 
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the origin of life, and the many other points which are 
more or less intimately hound up or connected with such 
a subject. 

The uniform, and, in most cases, structureless, sub- 
stance to which the terms “ matter of life,'' life-basis,” 
and “ protoplasm,” or “ bioplasm,” have been applied, 
chiefly owes tln^. discovery of its univ('rsal oeciirt’ence 
throughout the organic series, to tlie patient indiistiy of 
the ))racti(‘al histologist; and tlirouglmut the entire 
domain of liiological science there are but tew points con- 
nected with the structure of tin* living organism which 
liave not recei^'('d eitluT confirmation or contradiction 
from the labours of the micros(;opist. And more esi)eci- 
ally to the siibj(!ct of dev(‘lo])ment d(»es tin* science of 
histology bear an im})ortant relation ; since by aid of the 
microscoi)e we have been onable<l to trace from its 
primary evolution, not only the develo])mental j)rogrcss 
of the living form as a whole, but also tlie successive and 
gradual formation of its com])oueut i)arts ami textures. 
And wo have been fiirtbor informed as to the manner in 
whicli the fully-formed and mature tissues carry on tin* 
complex processes of nutrition aiul growth ; — funds ami 
stores of information these, the value of which we may 
best estimate if we com})are tlie darkness of forimn- ignor- 
ance; witli tlie brilliant light of mod(;ru impiiry ami 
research. 

The tissues of living orgiinisms admit of division into 
three obvious groups, (;ach of which may in order lie 
viewed, though not mu^essarily, as a successive stage in 
the formation of its succeeding ami compaiiiou texture. 
These ])rimary tissues are respectively known as CV/A>, 
Fibres, and Memhraues. Of th(‘se three structures, ihv 
Cell (Fig. ID, A) is by far the most important, since not 
only do we find tluit it contributes to the formation of the 
other textures, but in cei-tain eases we may observe its 
capability of coustitutiiig, 'per se, a living organism, and, as 
such, of canyiiig on all the functions appertaining to the 
vital state. 

In the earlier and necessarily imperfe(;t states of histo- 
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logical inquiry, the “ cell ” was regarded as the ultimate 
or primary constituent and basis of formation of all the 
tissues and textures of the body ; but more recent research 
has demonstrated that there is a stage of simplicity of 
form and structure of even simpler type than that wit- 
nessed in the comparatively primitive structure of the 
cell.” Beyond tlie cell, as evincing the simplest form of 
determinable structure, we find a more primitive phase of 



A, Dingi’ain of n tyi’iical (•<■]] : a, i-ell-wall ; h, ccll-contoDts ; c, iiuclens : d, 
n, A fi’v^- cells from tlic “ chorda dorsalis ” of the Lam]»rey. 
C, Fat (-(‘Us. 1), ri^onciit or <*olonr-cell fr(»m skin of fi-o;;. Ih Vcjictahle 
cell, slio-vvinj; “ dotting” of cell-wall. F, Mull ijiolar iJcrvt'-cLill (with 
many i»roeesses) from humaii sjtiiial cord. O, An o\al Ji(*rve-cell. 
H, Caililage-ea U. I, Hepatic or liver-cells- (all magnilied). 

existence in the structureless “ bioplasm ” or “ life-basis ; ” 
Avhilst beyond this latter material another histological 
school has insisted on the recognition of certain minute 
particles of indivisible nature, to which the term 
“ molecules ” has been applied, as forming the ultimate 
constituents from which all the subsequent complexities 
of form and structure may be and are derived. 

The histological battle has therefore been essentially 
one of contention for the discovery and confirmation of 
the ultimate and primary constituent of the living form ; 
and in its earlier phases the contest assumed the nature 
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of one wliicli had for its object the demonstration of tlie 
truly vital and essential nature of the “ cell.” As we 
shall presently observe, the cell itself, the “ cell-wall,” 
“ ccll-(?ontents,” and the cell-centre or “ nucleus,” have 
respectively been credited with forming the essential part 
of the primitive element of form. Whilst the later stages 
of histological ] »r<^grcss have resulted in the recognition 
and assertion of so-called “g(;rminal centres” and ‘^ger- 
minal matter,” then of a “ ])hysicMl basis” or “proto- 
plasm,” and, lastly, of minnb! indivisible ])articles termed 
“ molecules,” as the primitive elements of form and 
structure. 

A brief enumeration of these various tln'ories will at 
once s(Tve to render the n'adta- familiar with Ihe general 
principles of liistology, and to lainiliarisi^ him with the 
details of structure dednciblc from the consid'ration of 
that highly important element of form, tlie “cell.” 

Most conveniently for our present ])uri)os(^, we may 
begin with the investigation of the “cell ” and its ])arts. 
The most general and tyjncal definition of this structural 
clement is tliat embraced in the idea of a moi-(^ or less 
spherical body, usually of minute size, and consisting (H 
of an outer or external envelope, the cell-“ wall ” (Fig. 11) 
A, a); (2) of an included and more or less solid particle, 
tlie “nuchais” (c); and, lastly (3), of a substamu' con- 
tained within the eell-wall, and in wlii(b the nucleus is 
generally imhedded, the “ eell-eonteiits ” (/b. 

These various and sejiarato jiarts each vary gn^atly in 
size, form, ami (*nm])()sition ; and the c(‘lls which nisult from 
their comhination eonsetpiently present widi^ difi'ercnces 
in all these i»oiuts. Flowiuaa various and div(?rse the 
theories whieli eoiiecrn the origin, function, or nature of 
colls, tlu> foregoing essential ])arts must he re(;ognised as 
constituting the practical cell of the histologist, or the 
theoretical cell of the s])eciilative reasoiier. »Schultze ]ia.s 
attcmjited to sliow that the “ eell-wall ” may be disiiensed 
witli ill our ultimate idea of the cell ; and Ih iicke has 
similarly insisted that the “ nucleus ” may, of all tlie other 
parts, be most conveniently omitted from consideration. 
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But the multiplication of such ideas in support of special 
theories not only tends to render the possibility of arriving 
at true conclusions exceedingly improbable, but also makes 
it a very confusing task to distiiiguisli between the rela- 
tive notions entertained with regard to the typical idea of 
a cell. And hence, in considering such debateable points 
as those wliicih constitute the subject of our present 
iinpiiry, it is of the utmost importance to start with a 
(*]ear and unmistaken idea of the conditions Cfunmon to 
all the various theories. These (-onditions we therefore 
find to (‘onsist in the presence, in the tyjdcal cell-structure, 
of a cell-wall,” c(dl-contents,” and nucleus.” 

The ^‘cell-wall ” (Fig. 19, a), as forming tlie outer or 
external envelope and boundary (d the c(?ll, oilers a (* 011 - 
veni(‘nt starting-point in our examination. This structure 
we find genei*ally to consist ol‘ a striudureless, liomogene- 
ous luembi-ane, conijiosed, in the animal organism, gene- 
rally of an albuminoid or ]>roto]>lasmic. substaiaa*-; and in 
phuits of a material almost identical with starch, and to 
wliicli tli(‘ term ‘^cellulose” is ap])lied. 

The cell-wall tlius generally exhibits a unifortnity of 
structure, altlioiigli, in many instance's, it undergoes a 
process of burdening or thickening by the deposition or 
addition of matter, iisnally to its inner, but sometimes to 
its onb'r or external surface. In v(*getable, cells we 
occasi(Hially liiid flu; cell-wall to be of a double nature, 
and to consist of, firstly, an outer laym*, and, secondly, of 
an inner and more delicate layer, the ‘‘ priinordial utricle” 
of Mold. Lastly, in certain insta]ic(\s the (all-wall does 
not exist as a, distinct and separate striieture, but appears 
throughout its structure to become more or less continu- 
ous and identical with the (?ell-(a»n tents, with which, 
according to certain vi(‘.ws to be presently noticed, it 
possesses relations of the most intimate kind. 

Regarding its functions, the cell-wall primarily serves 
to determine the form and size of the cell, as also to eon- 
stitnt(‘, a protecting eTivelo])e to its . contents. In the 
cxercis(‘ of the vital functions of cells, and of the tissues 
which they tend to form, the cell-wall plays a most im- 
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portant part. The chief phcuoineiia of interest in which 
the cell-wall may be said to take part, consist in the 
transmission thron<jli its substance of fluids, which thus 
may pass from cell to cell witli astonishing rai)idity. 
This action is in all probability dependent oii the pro- 
cesses named by Putrochet “ endosmose,” and exosinose ; 
terms whicli are used to indicate the }>]ienomena observed 
in the passagt' of fluids tiimngh meinl)ranes diflering in 
structure ; tlie movement of ‘‘ endosmose ” being that 
wliereby a Ihpiid of thin or wahay natiin' passes tliroiigli 
a membranous structure, to mix with a liipiid of denser 
constitution. The denser liijuid generally at the same 
time passes outwards, to mix with the thiTiner fluid, in 
virtue of the action of tlie o})positc forci* of (‘\osmosis.” 
Such (iiidosmotic and exosmotic, ]>h(‘noinena, an; I'xempli- 
fled through the medium of the cell-wall, and thus affect 
the cell-contents. Th(‘ remembrance of this jbase and 
function of cell-life will serve to ex])lain many curious 
and complex i)henom(‘na in the Jiutritive ])roci's,ses of the 
highest as well as of the lowest organisms. 

The ^‘cell-contents” (Fig. lil, vary exce(‘dingly in 
nature and composition. In their early stale; lh(;y par- 
take of the nature of biojdastic material ; the subsinjiumt 
changes in the life of the cell, and tin; d(;velo])nient of its 
characteristic and special f(;atures, tending to alter, in a 
greater or less degree, the c(>nij)osition of this ])i-i]nitive 
material. The cell-contents may be solid, lifpiid, oj* g(;la- 
tinous ; and may exist in tin; form of cayslals, fibres, 
large granules, or minute niolecuhfs. 

Within the contents of cells, and })articnlarl3^ in cases 
where the contents are of a fluid nature, and e()iitain sus- 
pended therein particles of a niolecular kind, movements 
of a circular or of a vibratile natun; are fn;(jU(;ntly to be, 
seen. These so-called “ molecular ” movements — or, aftei' 
their discoverer, llobert Brown, “ Brunonian movements” 
— are observed to occur in any fluid which contains many 
particles of a flnely-divided nature ; but th(;ir cause or 
origin has as yet received no satisfactory explanation. 
In other instances, a defined circulation of the cell-contents 
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may be obHorvecl ; tliis latter movement usually depending: 
on the presence of vibratile eyelash-like bodies or “ cilia,” 
but occasionally b(iing witnessed in the absence of such 
l)odies. T() this defined circulatory movement the general 
t(jrm cyclosis ” has been applied, and this primitive cir- 
(uilation is well exemjdified in the case of certain of tlie 
lower Ibrins of both animal and vegetnble life. 

Tlie central particle, or “ nucleus” (Fig. 19, c), forms a 
struc.ture of very general occurnmee in the constitution of 
the cell, although it is frefjueiitly absent or wanting ; and 
m.ay (ixhibit great variations in form, size, and structure, 
when present. It may be found imbedded near the centre 
of th(5 cell-contents, Imt generally occupies a position 
near the lu'riifiiery or outer margin of the c(‘ll. It ap- 
]H^ars also to differ in composition from the cell-wall, and 
fretpiently from tlu* cell -con tents, inasmnch as the chemi- 
cal reagmds wliich alicct (‘.itlicr or lugli of tlie latter parts, 
setan to liav(^ litth* or no olfect on tin* ‘Mmcleiis. ” 

The “ mnh'u.s ” is furtlnn' considered hy some authori- 
ties to !)(' nion? of a fat ty tliaii of an alhiiniinons nature. It 
is, h<»wever, readily coloured by the addition of carmine and 
other ])igni('iits — a feature exhihited l>y l)ioj)lastic material, 
and thus of valine in the direction of the “ life-bfusis.” 

Ihfgarding the intiinate structure of tlie “nucleus,” it 
appt^ars to c()nsist, in some instances, of an assenihlage of 
])articles or granules ; or it may In* eonstitiited ]>y a little 
eell-like membrane, eiielosing one or two more solid jiar- 
tieles, termed “ nucleoli ” (f/). Occasionally more than 
one ‘‘ nucleus” may lie present iii a single cell ; but tins 
condition, in all jn’obability, has r(!fcrcnt;e to certain phe- 
nomena conncctcil with cell-rcjiroduction, and to be hcrc- 
aftcT described. 

Kcgarding the functions of the “nucleus” many and 
very varied o])inioijs liave been entertained. The ju’e- 
vailing idea would seem to regard the “ mndeus ” as the 
seat of the rejiroduetive or germinative changes in the 
life-history of the cell ; and this oiiiiiiou appears to be 
favoured not only by the actual details and phenomena 
observed to occur in such phases of cell-existence, but in 
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the relations of the nucleus ” to the reprmiuctive func- 
tion in those lower organisms, which, in their life-liistory, 
exhibit to all intents and purposes the form and functions 
of a single cell.” And it has further been observed that 
nuclei ” in a “ free ” state, or those which have been 
liberated from their cells, a}>parentl3^ assume all the func- 
tions of true and perfect cells ; these independent nuclei ” 
frequently developing into the form of the cell from which 
they were deri\ ed. 

The foregoing observations, on the composition and 
structure of tin* cell ami its indivi<lual ])arts, will pn-epan' 
us for entering upon the conshh*ration of the general 
functions of. and modes of reproduction observed among 
cells. That the c(dl, apart from eonsichTations regarding 
its origin, tyi)itios for us, in the most remarkable maimer, 
the life (»f tlie perfect and entire animal or vegetable 
organism, is the first point worthy our remembrance. The 
lif(^ of ea(di imlividual cell is strangely analogous to that 
of the being, in the tissues of whiidi it may he situated. 
It nourishes itself, aiul re]>roduces itself, in the same typi- 
xil maniifT, ami after the same fashiim that tin* higher 
inimal nourishes itself ami re]>ro(luccs its like ; and it 
duis represents in itstdf the unity and entity of organic 
ixisteiice. The simplest animal ami jdiiiit forms presiait 
hemselves to us in the form of ordinary cells ; and, indeed, 
icveral forms of undoubted animal organisat i<»n do not 
‘xhibit anything approaching to the i)crfcction and strm-- 
urc of ail organised cell. The /u,r(tinini'/rn( thus cxcrii 
)lify forms in whhdi the organisation is of a typo mm-li 
ower than that scam in a true and dotimvl cell. Ami 
racing ujovards and throughout the cn'ated scale the 
aarvellous transformations <*f cell-life ami structure, we 
ind the higher organism to present ns with a meic com- 
linatioii of cell-structures ; so that, in its most indivi- 
ualised pha.se, the highest animal or }»lant may be deemed 
n independent and single being, only in the sense that 
he cells of which it is comi>o.sed eo-oj>erate in the most 
dmirable and harmonious inunner to the mainteuauce 
f the individual existence. Otherwise, they may be 
M 
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viewed as the Romi-indcpeudent factors wliich make up 
the sum total of tiie adult existence of animal or plant— 
as tyi)ical]y, indeed, as the primordial gerrn-eell repre- 
sented tlie whole energies of that early embryo from which 
the adult form was gradually evolved. 

In brielly reviewing the general functions performed by 
cells and tluar relations to the organisms of wliicli they form 
so important a part, the possession of vital proi)erties ” by 
(;clls constitutes tlic first consideration of i]niK)rt to which 
we may direct attention. In virtue of tlie bioplastii* 
]naterial from wliicli tliey are })rimarily jnoduciMl, we find 
an a(U!r)mpanying exliibition of vital ])ower, through the 
operation of wliich the cells ))erform tlie many complex 
functions wliicli fall to their lot in the organic economy. 
Thus, in the first of the groups, into which we may con- 
veniently divide cells, w(^ find them acting as agents of 
elaboration, tending to further jierfect the cliaracter of the 
fluid in whidi lliey are contained. Sndi are “ eel Is of 
elaboration,” and of this gnmji the cdls or (corpuscles of 
lymph, blood, and ehyl(\ ]>res(‘nt familiar examples. A 
s(i(;ond s(‘t may b(^ named ‘‘cells of tissue-formation,” in 
tlia,t they tend, by their aggregati(m and tiansformation, 
to form th(f tissmss of the body. Such are the cells wliicli 
enter into the formation (jf ordinary (Hllular tissue, adi- 
]i(Kse or fat tissue (Fig. 19, C), connective tissue, filirous 
tissue, and those other and eipially siiu])le mi‘mbraiies, 
whidi, apart from the performance of any sjieirial functions, 
fall to be- included under the gemu’al term of “ tissue.” 

On a tliird siTies of edls devolves the jierformanee of 
seiaadory and excretory ]>rocessc‘s, and such may ajipro- 
priatdy be deiiouiinated “cells ofsecretitni and excretion.” 
These latter are devoted to the secretion of fluids or i)ro- 
duets of varums kinds, which are ciu})loy(id in the varied 
])uri)oses and funetioiis of the living economy ; and they 
may similaily subserve the function of excretion, and thus 
oxcri'te or remove from the fluids of tlie body those waste 
jwoducts which otherwise might injure the welfare of the 
organism at large. Such cells are cxemjdilied in those of 
the liver (Fig. 19, I), spleen, kidney, and other glands. 
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Tlie cliarafteristio ‘‘ pigment or ‘‘ colour cells ” (Fig. 19, 
D), and structures of allie<l nature, also fall to be included 
in the list of secreting cells. 

A fourth set may be termed cells of sj)ccial fundion.” 
These latter collectively, and in the form of special tissues, 
subserve many and important fumlions in the organic 
economy. Thus the nerve-cells (Fig. 19, F G) of nervous 
tissue, and the cells of which must uiar tissue is composed, 
are devoted each to the performance of ;i special function ; 
the foniuT to that of generating and i‘(uiv(‘viiig the nerve- 
force through wliicli the function of correlation is mani- 
fested ; the latter, of inducing muscular contractility, and, 
by means of »*hanges in the form of the cells, ju’oducing 
motion and nu chanical fonr. 

All thes(‘ vari(‘d and comjlicated ph(‘nomena- appear to 
bo induc(‘d and originated by tin* vitar“ force,” or vital 
pro]»erties of the cells — an inkerent powta- peiadiar to the 
cell, ill the same degree as it is peculiar to th(‘ organism 
as a wh(l(‘, and inanifi^sting itsdf in both, through a series 
of actions in every way and curiously analogous and similar. 
In discussing tlu' subject of Xidrifion wc, shall liavc occa- 
sion to ol»scrvc the pt'culiar vital jjroperties of the (alls, 
as ext?m]jliHcd in the sonadled “ elective atlinity of the 
tissues ; ” but tin' (amsideratioiis here eiironaal will serv(‘ to 
familiarise us witli the general as wdl as the more special 
functions suhs(‘rv(‘d liy tin? edls in all tin; tissues and 
structures of the body. 

Ill virtue therefon^ of the possession l>y the c«‘lls oflhis 
vital '‘foree,” nr (if tlnise “ proper! ie.s/’wt' find them availing 
themselves of the diemical and [liysical agencies to whidi 
they, in eonimoii with the entire organism, an* suliji'ct ; 
these agencies, however, being made suliservicnt to the 
special functions wliich tlie cdls an* in turn di*stin(al to 
perfonn. An crrom*oiis view of the properties of cdls 
would attrihutc to these diemical and ]>hysi«*al pliemmiena, 
directly, the marvellous j»owers which we liave seen to 
diaracterise tin; history (»f th(*se and of other living struo 
tures. But a due jqipredatioii of thesi; powers, and of 
their e\ti‘iit, shows us that the iidiucnec and action of 
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purely chemical and physical phenomena are insufficient 
to produce so wond(;rful results. These physico-chemical 
forces are merely the subsidiary agents and conditions, 
which the presentic and directing power of “ vital ” pheno- 
mena call into operation, to aid in carrying on the multi- 
farious duti(^.s involved in the action of living and being. 

As we have observed cells to play an important part 
in the nutritive j)rfKms of the organism, and as by their 
mill tipi icatioii to fc»rm tissues they may be said to com- 
]X)Kc the organism as a whole, the function of cell-repro- 
duction jissumos a liigh importance in the consirleration 
of the, g(‘n(*ral (Hionomy of tlie living being. The general 
term of cvtogcn(!sis ” is apjilied to indicate the pheno- 
mena of (a'lbniulti]»licati(m and development, and tlie 
inclmled n'productivi' ])hases have been very aircurately 
dct(‘rmined throughout their entire course. l>ut regard- 
ing th(‘, ])rimary origin (if cell-structures very varied 
ojmiioris, as \\v shall presently notii^e, exist. 

F(mr melliods of r(‘]>ro(luction may be obs(Tved to 
o(Mmr aiuimgst cells. TJic fiivt and most comm(»u of tluise 
modes is that of “endogenous division,” <n' “duplicative 
subdivision,” in whieb }»roeess new cells are produced 
within the first-formed <ir parent-cells. Such a form of 
c(dl-re]>ro<lu('ti«»n is very fn'ijmmtly seen ammig jdants, 
and partieiilaily in tlie 1ow(T or (W/a/ar plants (Fig. 20, 
n i) ; but we also notice the ]>roeess in the animal 
world, and typically in Ilu‘ segimaitation or division of 
the impregnated ovum or egg (Fig. 20, A !> C D), as 
will b(' fully ex]ilaineil in the (baj)ter on ] kr> lopinait. 
The (‘sseiitial feature in this first process consists in the 
subdivision of the “ mu’h'us,” or of tin* e(‘ll-eoutents, into 
two parts (Fig. 20, o h r), and in the formation in this 
way of two new cells witliin the old or jiarent cell. These 
nt'wly-binned cells may similarly divide, and thus four new 
cells may b(‘ pnKlneed : and the process of endogenous 
multi] (beat ion may be further continued, until the rupture 
of the jianait cidl liberate the younger structures, and 
s(*ts tbiMu lr(‘t‘ in turn to jirojiagate and re])roduec their 
like. It is a somewhat significant fact that the impreg- 
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ated ovum should, iu the course of its early develop- 
lent, evince the same series of phases that an ordinary 
3II exhibits in its endogenous multiplication. 

A second method of cell-reproduction is that by 
exogenous multiplication.” This moth* of reprodiu^tiou 
mong cells is by no means so common jis the previous 
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Vegotaltlo coll, i»ro(luciiig new cells ondogoiioiisly ; h, t'artilap-coll mul- 
tiplying by the cmlitgenous method ; r, more ad\ai>f»ul stage of h, in 
which the whole iiiten«»r of the parent cell is lillcd with now or embryo- 
cclls ; (I, ordinary cartil.agoaadl ; 1 , tin* same dividing transversely by 
a ]iroct‘ss of fission ; J\ further stage of r. showing the complete divi- 
sion of the nucleus ; ;/, juocc.ss of doubh’ Ijs.siou, t raiisvcisi ly ami ver- 
tically, pr(jducing f<mr »‘clls ; h, production <»f foiK ia lls by loiigitiidi- 
iial «dc;ivagc (»r tission ; <, a vegetabh" organism or Ahja { l\il im Iht), con- 
aisting tif a simple ami single cell (unij-ellnlai,) ; its tissiitaroiis ilivi- 
fiioij to form two Cells ; /, mop* comjilrte separation and distiuetion of 
the new <a 11s ; }H, further division of tic- new cell to Idl III lour ; ti, cells 
of the Yeast Plant ( Titnila trn vi.^in ) .sitigie ( ell ; ?/i, cell producing 
budsat cii licr extremity ; //-, united scries ol eeju, tUr result of etin- 
tiiiuoiis budding; o, red snow plant {I’mtormt n > rnl as a eell n,- 
jirodiudng new eells by endogenous niuiiiplieation . r, ■* moleeiilar ” 
formation of cell liy aggregation of nioleeiiles to Ibna cell-wall uml 
imclcws (ijenuett) ; .s, molecular cell, with two nin lei (Bennett). 

letliod. It appcjirs to be etice*tcd by tlie rupture of ji 
areut cell, tiiid Ity the .subsetputiit foniiatioii, v'UhnU the 
Ltter, of new eells, by the aggregation of the extruded 
ill-contents and nuclei. 

The third mode is known as “ gemndpurous repro- 
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duction,” and, as indicated by the term, mnitiplication 
takes place in this instance by a process of ‘‘ gemination ” 
or “ budding.*’ A minute bud-like projection may be 
seen to form on tlic cell -wall, and this gradually devclopes 
itself, to form in due course, a new cell, which may remain 
connected to the original cell (Fig. 20, n) from which it 
sprang, or which may at once detach itself and enter upon 
a separaU; existence. 

Tlic last innde in whi(di cells may reproduce themselves 
is by tlie ])r(»cess to whi< h the name of “ fissij)arous re- 
prodiK^tinii ” h.'is lieen aj)plied. This is tlie simplest, and 
also a veny <*ommon form of cell-mnlti))licatioii. A cell 
may be ol>. (‘i ved 1o gradually divide* itself into two parts 
(Fig. 20. >1 > / e), and thus to form two m‘W cells. It is 
th('n said to divide “ ti-siparously,” or by “ fission.” The 
“nucleus” is thought by some authorities to chiefly 
conc(U’n(‘d in this mode of <*ell re]»r«Kluetion, whilst others 
maintain that t he j»roc('ss is merely a jbase oj' the endo- 
genous form oi the repnMluctive process, it seems more 
correct, however, to leeogni.'se this latter as a st‘pnrate 
form of the process, ami also to note its essential feature, 
namely iliat of <li\ision eoimn<*n<*ing at tin* external 
margin or periplu'iy of tin* cell. Finally, it is to b(; 
noti('(‘d tliat these methods of eell-repnahietion are also 
represented in the repnKlnetive functions of the aiiiinal 
and vegetable worlds; tin* entire* organism in many 
inslanees thus reprodm iiig its like after tin* same modes 
or fashions as its <*omponenl parts. 

Tin* consideration of tlit* primary origin of the eell- 
slruetures, the life* history of i;hieli we have just traced, 
leails us intt» tin* domain eontrovt*rsy and speeulation. 
Since tin* enmn'iat ion of the h*ading doctrines n*gardiug 
the edl as tin* “ anatomical unit” by Seliwann and 
Selileideii in 1S;)S, various tbeories of the nature am 
(uigin of et*ll-stvuetnres liave been brought before thf 
notice of the seieiititie world. 

Seliwann ami Sclileideu assumed tin* existeuee of a 
]»rimary ib::uative tissue, or “ eytoblastema.” in the sub- 
stance w Jiieh minute granules >vere iirodueed. These 
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^re supposed to develop into the “ nuelei of the future 
'Is, and around eaeli “ nucleus ” a menihranous cell- 
ill was next said to be deix^sited ; wliilst tlie cell- 
ntents wen^ l)elieved to be gradually formed between 
3 “nuclei” and the already form oil wall of the cell, 
le entire cell was thus bcliev(*<l to be formed in a 
adual manner, all its parts partaking eipially in the 
rmative j>roet‘ss, and no one part m>>re than another 
injT considennl the a<‘tnal or j»ntcnli;d f«)rmative C(‘ntre. 
To this tluMtiy succeeded the hy}iothcsis ailvanced and 
p})ort(‘d 1)V the late l^rofossor (Joodsir of J'Minbure:h. 
r<»r(Iin,ir (huMlsir’s theory, the “ nie lci ” ronstitutc the 
<ential ])art or “ ^u'rminative c(‘ntros *’ of the cells ; and 
the a;j:-:4r(\iLcation of cell-structures, as indieatetl by tlitdr 
mIc of development, a central c<‘ll is presiinu'd to lu‘ the 
ij^dnative ]>ro.it(Miitor of the other and surroundiiiit ctdls. 
By Huxhy the oriiriu of cells is traced from a ])rimitive 
d structundess mend)rane or “ blasti'ina,” in which 
vacufdes” (»r sp;ices an‘ first ja'oduc(‘d ; th(‘S{‘ va(*uoles 
incing a cellular structure, and containinit <‘ach a ( cdl- 
ill or “ iterijtlast,” cell-contents, and nucleus (W (Uido- 
ist.” The Jieriplast " or “ cell-wall” is considered ill 
is tlu'ory as the active soun-e of all tin* forjuative and 
i^dnativt^ chaiiires to the cell. 

By Bennett of Ivlinburirh, the cell, as a fully f'rmed 
aicture (H- orLraii, is consi4h*n*d as the result of truly 
igiiiative chan.L;es, precedini;- the formation of any of the 
Tts which are accounte»l of primary reprodiuLi ve powuT 
' the foifi^oin.^' theorists. Thus, aecordiiiLt 1“ B*eiim‘tt, 
e minute “ moh-cides” or “particles” of oi''_fani<‘ Ihfnls 
'iit. -th f! r .<) are the oriiiinators not o;jly of cjUs but 
libn-s and membranes al>«*. 'J'hcse m«'|»>cuhvs are sup- 
'sed to jMosess both vital and physical properties of tfieir 
i'll ; and by tlunr ai:i:rc:.,ail i‘»ii, and in virtue of tluvse 
ojH‘rties, complete ainl perfctt <'ells, toL^ether with 
f^ln^r structures. ar(‘ ]H'odueed. This latter tln'ory is 
cordiii’.dy ki >wn as the nioleiMdar theory of c<*ll- 
‘Velopment and oiLranlsation.” 

Dr. Lionel Beale, wliose microscopic re/jiriirchcs have 



168 


PHIXCIPLES OF ZOOLOGY. 


deservedly won for liim a high repute as a histologist 
and })liy8iologist, maintains that to properly explain 
the of (M‘ll -structure's, we must assume the exist- 

ence 0;>f living matter in two states. The first state 
compris(\s “ inatkr that in in thi Ircing state, germinal 
matter anrl, sccofully, “ matter that in the living 
stat(^, formed mat(;rial.” The living material or germi-; 
nal niattcT ” Dr. Beale con.sidcrs to b(‘ the chief agent in 
tljo origin of ce.lls. It may he regarded as most f^^^rly 
corr(‘K])onding to tlie active nu(;leus of tin? cell, and^ by 
(;liaug(;s in the germinal or living matter,” we are t(^.d, 
“ tlic cell-wall, intercellular substance, and every kind of 
tisKU(\ ev(‘,rything jx^culiar to living beings, results.” 

(!ells, according to Beale, originate within the 
already-ibnned centres ; whilst from wdtlioiit the “ j)abu> 
lum” or food <*nt(‘rs the cell, and is vitalise<i by the 
“ g(‘rminal c(‘ntr(\s ” within. The first formed parts are 
thus gradually pushed t(» the external surface of the cell, 
and are farthest from the active “germinal centre,” I^Iat- 
t(’r so removed from this ceiitn* is considi'red non-living, 
or as having ])aHsed through the living state, and «^s hav- 
ing “ had im]»ressed upon it certain characters which it 
could not have acrpiired in any other way.” Such matter, 
as Inis jjassed from the living to the non-living state, 
or from tlu‘ central ami germinating areas to tlie outer 
portion of the cell or organism, is exempliiied in “the 
drie<l l(‘af, the lifeless wood, shell, bone, liair, or other 
tissue ; ” these stnu'tures thus constituting truly formed ” 
material. 

The theory of ])r. Beale in i)nrt therefore agrees witL 
that of (loodsir, in that b«»th iV^-ogiiise the important aVd 
csstMitially originative* natun* of the “ nnclei.” Bealf, 
howev<‘r, further extends his ideas and geueiulisatioiis to 
inelude the latter stages in the history of the cell, and 
thus enforces his distimdion between the “ living ” 
nmde*i or “ eentre's,” the “ pabulum ” on its way to become 
living matter, and the external or outer ixu'tions of the 
(vll, whit-h have alivatly been vitalised, and which are 
now “ non-living ” material. 
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The theory of a physical basis,” lately advocated by 
Huxley, like the molecular theory of Bennett, seeks to 
trace tlie origin of the cell and of living tex. Tes to a 
period prior to the formation of any of the struct ral. ele- 
ments of the cell. The nature of tliis “ j>rotoplasm” or 

physical basis of life ’’ we have already examined, and 
it only remains, in concluding the {^resent chaj)ter, to say a 
few words regarding the more imj}ortantof these theories, 
and also to notice a few of the mon* special tispects luid 
relations of ‘‘ biophism ” to the living organism. 

Kegarding the ultimate histcflogical constituent of the 
living organism, there (*jin now be little hesitation in dis- 
carding the idea that the cdl represents the initial stage 
of the process of organisation. Indeed, tln^ many and 
wide variations observed in tht* mo<les of cell-development, 
and in the stupuaice in which the several structural ))art3 
of the cell are evolved in dillbrent eases, would alone 
convince us, or would, at any rate, huid to the belief, that 
a judor state of community in organisation (‘xists. This 
prior state is found, according to the latest reseanh, in 
the molecular particles, with their inhertnit and associated 
vital and jdiysical jnoperties; or in the ])ro topi asm ic 
“bsisis,” which, by su)»se<pient <litlerentiation, may pro- 
duce tlie several structures of which the living body is 
composed. 

If now we direct onr atbuition ta the r(‘lative Jiierits 
of each theeny, we shall be somewhat puzzled to pronounce 
a decided verdict in favour of either. Each liypothesis 
serves to (•xplain certain features in tin* preliminary 
stages of oiganisati«»n, which the <jtlier appears to take 
no cognisance of ; and hence, whilst wc can hanily con- 
sider eitluT theorv^ to he of itsedf perfectly i'Xplanatory of 
the conditions nect‘ssary f»r the first manifestations of 
vitality, we juay yet find them, mutually and together, 
equal to the ta>k of accrounting for the preparation and 
organisati(Hi of a tnie and consistent life-basis. Thus we 
may, consistently with both thef)rie.s, form the idea of a 
“molecular bioplasm ” — the biopiiistic matter serving as 
the primaiy’ medium and basis, through which the “ mole- 
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cul(!K,” fis the iJirTc active <‘oijtres of vital activity, evince 
their teii(l(‘ii(^y to evolve higher structures and parts. 
This eoj/iitioM of a “ rnole(-ular bioplasm” will also serve 
to acco/!it for those conditions, hitherto inoxidicable by 
(‘ither theory alone, in which molecular activity seems to 
take origin and k(a‘p pace with tlie biojdastic or i)roto- 
plasinic (levf‘lopMieiit. 

J>oth ifioleniles and bioplasm arc thus distinctly 
vita] both possc^ss tlic same inherent “vital j)roper- 
ties,” in virtue of whic.h physico-cliemical a<*tion is made 
snhservi(‘nt to tlie f)urj)os(‘s of vital growth and develop- 
ment. l>nt it is iinpf)ssib]e to assign to eitlu'r Idoplasm 
ftr molecules the. ])riority in ajijiearaiiee, or in the exhibi- 
tion of activi^ and vital plienoimma. In all probability 
Ave shall hav(‘ to assume tin* essential and ])riniary state 
of living matter, as re))rt‘sented by a basis, the active 
centn's of which ar(‘ truly molecular. The molecules, 
e(jnally Avith tin* bioj^lasm, a|)pear as units and ultimate 
(piantities in the; operation^'- of vitality ; and av(‘ can best 
(Miiieeive th(‘ ]»robable relations of th(‘se (|nantiti(‘s as those 
of two distinct conditions of vital materials, <h'rivable 
fn>m a common and anterior source, and exliiluting a 
conjoined action to product* a common result. And, 
lastly, heytmd either nioleeuh's or biojdasin, but guiding, 
and, in all jUMbability, also ]»rodueing and ereating tliese 
])riinary Ibrms ot living material, Ave tind tin* subtle force 
or vital ])rineiple, which organist's, manifests, anti diri'cts 
all tin* pt»Avers and actions t»f tht* living botly, ht>th in its 
most primitive ami imorganistMl state, and in tJn‘ highest 
l)hases to which its existence may ]»roet‘ed t)r bt* devt‘lt»])ed. 

Throughout our snbsetpient investigatit)ns into tlie 
mannt'r in Avliich tin* great vital jn’oeesses are earrietl on 
Avitldn tile living organism, we shall liave occasion to 
imtiee tin* important aspects in Avhieh both biojdasm ami 
cells art* relatt'd to tin* functions t>f life. Ami the ctui- 
sideratioiis herein otferetl Avill be found of service in aid- 
ing us to more eh'arly eomjireheiid the ess(*ntial and 
eharaeteristie actions and jiliases invoh’ed in the devcloj)- 
Jiient and maiuteiiaiicc of the living body. 
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PliysifiloLjy of tho Livini!: OiyruiHoi rn!icti<in <*r Nutrition : its 

Naluro and Polations t * 'rissuf-Nv.i>lt Nutritive I'ljuili- 

Virinin and Excess- “ (Ir.'w tli ; Naiur. and IMiiMionicna of 
— Nutritivt' PiticiciifX Atri»|.h\ 11\ |>ritr<>|iliy “ I»('ath ” 
as a It'S nit of ijiii>airrd Nntiilioi, Fond of AiiiiiialN and of 
Plants — Pro<’oss of A.^siniilat ion ; its Nahn»‘ and Eolations — 
Function of Innervation — Essi*titial ('<MHlitions of ( ’orivlat ion 
— Correlation in the lower Forms - Nervc-tissuo in the 
lowest ()ri,ninisn!s — ^'iews of Hcale Innervation in Inverti'* 
hrata and V'erlehrata— Plienomena <»!’ “ Instim L. ” 


The fimction of nr tlnit wliicli :i liviii.iLr Ikmii.lt 

iiotirisli(‘s itsi'lf Jiiid nnitril»nt(‘s t<> its ,j;r<i\vth ;nnl iii<‘roiisc, 
forms, ill the most iijjpmpriate nnumor, tln‘ first of tlu* 
great vittil proeessts wliielt wo aro, in the pn'Stmt iiisttinoo, 
led to eonsidor. The first jict of tlio iKAvly-fortncd luMiig 
is nutritive in its clniracter. Its first instimds tire diiandecl 
to tin* jirelnnision of tlu' matter neei'ssary for tlii‘ snste- 
iianee of life, and to the due niainteiKima* of tlie tiiitrltive 
jtrom^ss the fnnetion of correlation or iimervation may 
])e said, in tlie first instanee at least, to 1m‘ wlmlly de- 
voted. As we shall afterwanls more particularly observe, 
the third gn*at function, that of rcpnaluction, is in its 
nature aiitai^oiiistic r)r oppnscil to that of nutrition ; the 
]>reservation of the species heiui:', in this way, iiion* (»r 
less antagonistic to the })res(‘rvation of the iinlividual. 

We hav(' alrea<ly rcjnarkcjl tliat tin' mode of incrcasi' 
(>f a living being is invariablv associated with the “ iutns- 
susce]>tion ” of material from the outer w(»rhl, or, in ntiier 
words, with the reception within its body, of matter d*-^ 
rived from the medium in which it lives, or with uhieh 
it is connected. This material wi^ onlinarily know as 
food,” and the special functions which are resj>ecii\ely 
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devoted to itn prehension, and ultimate ‘‘ assimilation,” 
are collectively denominated under the general term of 
^ nutrition.” 

The living organism, in the exercise of those functions, 
or in the performance of those acts which depend on the 
I)reHenco and possession of vitality, is constantly subject 
to a greater or less waste of substance. The slightest or 
most siin]>le ac^tion on the part of a living b(*ing involves 
a corresjx aiding loss of vital jiower, which is manifested 
by a snbs(‘<|ue.nt and pr<»portional destruction or waste of 
the textures and tissu<‘s of its body. This waste iie(;essi- 
t.ites rc'mnval and rejiair ; and, in this sense and aspect, 
tlie vital organisation a]»pr(»aches most nearly that of the 
mecLanioal. dust .‘is tln^ ma(diine r(‘(|uires certain condi- 
tions, smth as those of fm*! or a]>]>lied forc(\ to sustain its 
mechanical pow<-rs, so does the living organism nMjuire its 
own and special conditions to enable it to Hucccssfully 
maintain juid renew its vital pn\v(‘rs. The failure of the 
r(M|uisite sujiply of conditions Pi the ni.achiiie n'sults in its 
disorganisation, or simply in the c(‘ssation uf its functions. 
The failure of the nutritive su]>]dy of the living organism 
is attended hy th(‘ same result, inauifcsted, however, in a 
mindi more striking degret‘ -namely, in that of complete 
<lisorg;i?iisatioii, cessation of vital jiuwer, and finally of 

At this stage, however, the jiar.allelism betwetm the 
meehanieal conirivanee and the living (organism may be 
said to cease. The macliine eaii, of itself, give no out- 
ward or visible (‘videiiee, or sign, of its wants ; it jiossesses, 
})i‘r .<(\ no kmovh'dge of eomlitions or sensations, and the 
failure of the neeessjiry eomlitions would be indicated 
simply by tin' stoppage of its mechauisin, and by the ces- 
sation oi its fiinetion. ]>ut the living orgauisiii, in virtue 
of its vitality, possi'sses the power not only of giving evi- 
dence of its wants, but is also furnislied with the means 
for satisfying these demands ; and it moreover possesses 
the power of elaborating from “ raw material ” the matter 
mu'cssary for the nntrition and re])aiv of its body. 

Hence the term “ iiutritii>n,” used after the inirely de- 
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velopmeiital and earlier phase of the function has been 
subserved, may be ^e^^•lrded as synonymous with that of 
repair f the function of nutrition in tlie livin;^ organ- 
ism being thus devoted to the repair and renewal of the 
tissues after the wasting and destrin‘tion dependent on the 
perfonnance of their ai)propriate vital functions. 

The general term ‘‘ assimilation ’’ has already been 
used to denote the more typical phenomena included in 
the ])erformance of the nutritivi* function ; and tla^ i)re- 
sent chai)ter has for its object thccurs.»ry review of these 
phenomena, and of those less notablt^ actions which spring 
from or are dt‘i)endent u]Hm them. 

The first observation to which attention may be direeb'd 
lies in the fact that the living (U’ganism ap]»rupriates to 
itself matter from the external world, and of a kind 
gen(^rally foreign to itself, but which it convents, by tin* 
assimilative process, into tht^ materials of whicli iU body 
is comjiosed. There is thus a subtle conversion of 
material of one kind into material gmierally of a. widely 
different kind ; and, in tln^ performance of this ))roeess, 
organs or tissues viirying Avidely in structnn^ and (;om- 
plexity are engaged. 

We have ])reviously m»tieed, in treating of the “s)>e- 
eiali.sation of functions,” that the highest and lowest 
organisms each nourish themselves aftiT th(‘ most perhict 
fishion, but diifer in tin* jnanner in which tin- pf’i»c(*.ss is 
effected. Tin* nutritive fiim-tion is thus perfectly p(‘r- 
formed by every organism, wliatevcr its rank in the s(‘ale 
of creation ; hut in its jicrformaiice a great variety r)f 
means, varying in conijdcxity, is enij)loyed. The Amu'ha 
(Fig. 1 ), by means of tin* iii-arly structureless protoplasm 
of Avbicli its body is composed, performs tin* nutritive 
function, and renews and repairs the waste of its body 
as perfectly to itself as does tin* Mammal (Fig. 1 1 ), witli 
its comj>li(‘ated digestive systiaii. The differcMiee b(;tween 
these forms, or between all tlie varying forms of whidi 
the organi(; series is eompo.seil, does m)t therefore concern 
the rt's/z// to the unionism of tlie nutritive ])roc<jss. Every 
living being manufactures from its “ food,” in the most 



174 


riilNCIPLES OF ZOOLOGY. 


perfect inaiiner, the material or materials necessary for 
the HUBtejjaiKH; of its life. 

Wo thus reduce to a striking community of type or 
detail the. aim of the nutritive function througliout the 
organic sfiri(5H ; and tliis ultimate aim is the formation or 
elaboration from the food-material of a fluid varying in 
composition, but containing certain nutritive prineiplas, 
from \vlii(*li the. tissu(‘S in turn draw their nutritive supply. 
This nutritiv(‘. fluid in the liigher forms of animal life we 
know as the “ blood, whilst in plants it receives the 
general Jiame of ^‘saj».” 

A further ct)U.sid(‘ratiou of tlie preceding points will show 
us that the proc(‘ss r)f “ assimilation ” in the living organ- 
ism, and vicw(‘d relatively to the constituent parts of the 
organism, lias a twofold as]>ect or nature. We tiiid. 
firstly, the ]ii'imnrv process of “assimilation ” juTformed 
])y th('. orgjiiis of digestion ; this first ]>ro(‘(?s.s resulting in 
the manufacture, pr<»dnctioii, and eirculatioii through the 
body <d' the imtritive llui»l. I’his fluid forms the com- 
mon soiuce whence the Jiourishmciit of all the varied 
tissiKis of an orgnnisni is dcri\cd ; and hcnc(‘ we recog- 
nise th(‘ existence of a.n ultimate or secondary process of 
assimilation- tiiat of “assimilation” hy the respective 
tissues of tht' organism, whcrchy each tissmg from the 
nutritive llirnl, in turn elahoralcs ila‘ s])ecial materials 
n(‘cessary for its own and intimate repair. Thus it is, 
that from the eummoii “ bh^od ” c(»nveved to tbe tissues 
of the higluM' animal, boiic-tissn<‘ manufacturt\s or renews 
its own ju’culiar substance : that nerve-tissue assimi- 
lates iHTVous su)»stanc(^ ; tliat muscular tissue manufac- 
tun's muscle ; and that every (»tluT tissue forms and 
elaborates its peculiar substajna' fnmi the common nutri- 
tive Iluid, just as this Iluid was j ire viously elaborated or 
manufactured trom the food. 

A s<'rics ((f actions so remarkable us those involved in 
the pritccss of s(‘condary assimilation or digestion by the 
tissues, lias atfonlcil. ;us might readily be expected, matter 
for mui'h thought and sjieculation at the liauds of physi- 
ologists ; and to the vital property in virtue of which 
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living structures possess this wondrous power, tlio various 
:erms of tlio “ vital jiroperty of attraction,” or '*' selection,” 
uid the “ elective affinity of the tissues,” have been 
ipplied. The exact nature or rationaJe of tlie process 
"cniains hidden from the furtliest researcli, but we may 
safely assume its intimate depeiuhaice, with many other 
and similarly subtle processes, upon the possession of 
vital force,” vitality, or life. 

The living organism, then, by meaiis of tliis twofold 
process, nonrislics itself as a v iatic, and also sustains the 
life and vitality of its moiv intimatt' and distinct con- 
stituents. Tlic act <»f living or of boing, involving nn'ttioii 
and the exhibition of force, is aecoinpanictl, as already re- 
marked, by a corresponding amount of tissm'-w aste. Jjoss 
of power is tlius invariablv aia-ompanicd by loss of sub- 
Htance ; iiiid it is this loss of substanc(‘ wliirii lUMa'ssitates 
the repair, ]>rimarily, of the body as a whole, and second- 
arily of tla‘ tissues. So long as tla^ n'paratmn of the 
tissues keci)S pace with the tissue-waste* the organism 
will maintain itsedf in a state of nutritive* <M|nilibrium. 
Notwitlistandiiig tlie incessant loss of inati'rial, and the* 
eepially constant repair, tlie <.>rganism as a whole will pne 
sent a comparatively uiialt(‘red appearance* and e'onfornia- 
tion. But it is coiie-eavalde* that the nutritives su}>jdy 
Djay exe-eed tlie tissne'-waste*, ami in the* earlie*r ]»(‘riods e)l 
existence this relation be‘twe‘en the nutritive* waste and 
rejniir actually oceans. In the young organism the* pro- 
cess i>f nutrition is me»re than aeh'ejuate- to compe-nsate feir 
the comparativedy trivial t issue*- was ti^ e)f early liti* ; and 
new mate'rial being thus aelelcd to the* boely taster than it 
is cxpeiielcel, we* tind tlu; tissues, and, tlirougli thean, tin; 
entire organism, imT(‘asiiig in size-, or exhil)iling in this 
way tile process and phenomtaia we familiarly know 
iiiieler tlie iiaiiu* e»f •‘ greovtli.” 

(Irowtli ” tlins oseaitially inifdies nutritive* exe*(‘s.s — 
the udelition eef nutritive material, ami the* inrre*a •* of 
tissues, of organs, and of the e‘iitire boely, at an inc.re*ased 
rate when coinpare‘d with that e>f the nutritive; CApeauJi- 
■ture. This much is meant by “ nutritive growtli ; ' but 
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we may distinguish a second kind of “ gi’owtli ” which 
does not consist in the increase of already-formed tissues, 
but in the formation and advance towards maturity 
of new structures or parts. This latter process, wit- 
nessed in the earlier phases of the existence of a living 
organism, has rtilerencc to the devidn/jnnent of the being ; 
and heiKHj it may appropriately bo termed a process of 
‘‘ nutritiv(i devclojmient ” or of “ developmental growth.” 
The conditions and jdicnomena of this latter phase of the 
nutritive; jiroci^ss will be hereafter investigated under the 
subject of Drrr.lofwicnf. 

The. balanc(; of waste and repair in the living organism, 
and tin* maintenance thereby of the body in a state of 
nutritive (‘(inilibrium, must, however, be viewed in contra- 
distinction to a se(;ond and o]>]»osite condition - that of 
nutritive deliciency. The conditions of waste and repair 
being e(jual, the living organism maintains a natural and 
stable, jxisition with n*gard to its own and intimate func- 
tional relat ions, and with regard to the world in which it 
lives, lint if w<‘ suppo.s<; that the nutritive supply falls 
short (»f the demaml, we then tiiid the organism exhibit 
a corresponding loss and tiiminution <»f vital pow(*r ; and 
if tin; delicieiK’v Ik* carried out a grt'at (‘Xtciit the 
<leath <»f the organism from “ inanition ” will result. 
This result, therefore. comaTiis the being or body as a 
whole, but tin* occurrence of “ local ” or “ partial ” death 
is also to Ik; noticed. This latter jdiase has retercnce to 
(ronditions (d’ nutritive <leticieuey, wIktc a limited })ortioii 
of the organism only, sueh as a ti.s.sne or organ, is atfected. 
The (U‘iicient nutrition of such a jiart ]>rodiices the death 
or deterioration of the organ, and it may thus die or 
b(‘ct>me functionally u.seless .so far as the organism as a 
whole is coucvnicd. And htmee the organ or part is said 
to be locally tlead ; or when deteriorated by deficiency 
of nutrition, or by want of functional activity resulting 
from im‘lVu ii‘nt nutritive supply, the structure is said to 
be “ atrophied.” 

I^ature ind \infr(*queiitly i.s oKserved to induce the 
occurrence i>f “ atrophy,” by cutting off the initritive 
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supply iu parts or organs which are no longer requiretl 
in an animal economy. Thus, at birth, many embryonic 
structures atroj^hy and disapj)car from this natural ces- 
sation of nutrition ; tlie process being induced i)rimarily, 
no doubt, by such organs being no longer required in tlie 
discharge of the newly-assumed functions of the being. 

And similarly in old age the same pn»cess of atrophy 
appears to affect organs and ])arts, and imh'cd the body 
as a whole ; although the intimate causes of this “senile 
atrophy,” as it is (\‘dlod, arc less susceptible of ('Xplaiia- 
tion than those of the ordinary phases of the jn'ocess. 

Nutritive excess, carritsi to a great extent in conse- 
quence of excessive functional activity, or in virtue of 
other causes, is also liable t*» induce a condition t»p)iosite 
to that of “atrojiliy,” anti known as “ l)yi)ertrophy.” 
Excessive use of an organ, necessitating inercast'd nutri- 
tive pui>|)]y, is commonly associat(‘d with an incretise of 
structure beyond the ordinary and normal limits. When 
an organ is iiitlueiurd by such conditions, the result is 
a “ hyi)ertr(<i>liy ” of the organ or part. “ llypertntpliy ” 
is thus merely ‘‘ nutritive excess” induc(‘d to a high i»r 
extended degree by tin* increased use or furnttional acti- 
vity of a i»art, iiiul it may therefore be regarded as 
simply a form of abnormal ‘‘growth.” 

Lastly, and in concluding these general observations 
on the process of nutrition, wc may refer to the idti- 
mate etfect of j)roloiig<*<l activity on the iintrilivt' func- 
tioii, and to the etfect of such a couditinn im the body ^ 
as a whole. AVe have pnwioiisly remarkeil ou the, result hit 
of the ju’eniature failure of tin* nutritive funcli'm ; a^' his “ 
result synonymous with the “death” of the oig.iidsm soKcgen, 
And it has also been ob.served that the process of tis.snp’ 
waste may be regarded as essentially om* <il“ “ lo,-;<.s the rhs'p- 
death. Hut a eousideration of the eyele. of existc isting (i|ton 
iu the living organism shows us that a certain lumbers ol the 
iuevitaldy ensue.> in its life-history when the nutriti\-d>o .supposed 
well as the other fuiicdiuiis of the body apjjcar to td miumd cxist- 
administcring to its wants, and when, as a resul’i ^ init oxygen, 
vital activity of the being entirely and for ever ;t])i»car.s to 
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Through thiB couBidcTation wc are led to notice the occur- 
rence of this ccssatio]! of vital activity in an organism, 
simjdy from an a}»parent deficiency in nutritive power. 
Ajiart from the oc{!nrr('nce of abnormal or diseased states 
or (joriditions, wo. liave therefore to o])serve the fact of 
death oceun-ing naturally, or from a def(‘(dive nutrient 
supply. And wluai we might l)e tempted to suppose that 
this latter result is in itself unnatural, it is to l)e home 
in mind that the jK^riod of existence in tlie living organism 
apjM'ars to be, bounded by certain limits, not always to be 
(hdiiH'd it is tru(‘, but sufficiently W(‘ll marked to leave 
no donl)t of their (‘xistence. 

In virtue of th(‘ fact that the existencf' or life of the 
living organism is a cycle, re]»eating itself in all the func- 
tions wliiclj jicrtain t(» th<^ vital stat(‘, we may safidy 
assuiiM' it as a natural result that, lik(‘ an ordinary piece 
of mechanism, the liv ng body should sooiut or later 
W(‘ar out and lieconu' incajtable of fiirtlnu* performing its 
functions, wlndher tlu'se be enmparatively simple or in- 
tricately cMinjtlex. And as the parts or organs of the ! 
machine become deteriorated by the wear ami tear of its i 
work, SM th(‘ organs of the living organism berome afiected 
by the inc(‘ssant etlbrt of living and being. AMiy this 
should be s(». jihysiological science doeS not piHdend to 
exj)lain ; but we may, with all safety, assume that the 
conditions didcrmining the limits of cxistenci* are, like 
those which n'gnlat<‘ the causes of that existence itself, 
beyond the bounds to vliich our furthest light and 
iiiV(*^tigati(»n (*xt<Mid. 

The relative nature of tin* fbo<l <»f animals and ]»lants 
|ms already been pointed out. ami but little remains to 
^^,e noticotl under this «livisiou of the suhjt‘ct. The food 
])lants we have setm to be eom]M»sed in eliief of inor- 
Ui' materials ; and th(‘se substances the plant, by its 
<*hemistry, is ca])a.ble of elaborating into 
oonnds of organic nature. Tlic inorganic fi)od- 
^y ials of jilaiits are ehielly earlum, nitrogen, oxygen, 
/hvtlrog<‘n ; these substanees being derived respeet- 
Hrom tin* earbonic aeid of the atmosjdu're, from the 
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«‘iminoiiia of the soil, and from the water they absorh. 
Tliese inorganic compounds are converted within the 
plant-organism into organic compounds of higlily com- 
plex nature. 

Aniiiuils, on tlie coiitrarj', demand for their due suste- 
nance a supply of already elaborated nutritive or organic 
material ; and tliis material tlnw obtain ehi(‘ily from 
the }»lant w<»rld. The animal, etjually with the plant, 
possesses a vital <*hemistry ]M i*uliarly its own, ami by 
aid of this L‘liemi(?o-vital aeiion it eoiivnls the organii; 
into inorganic inattaial. In connection with tin* food of 
either scries, we liave !•» notice tiie g<Mieral o(tciirrt‘nee, 
as part of the dii'tary of animal or plant, <*f et‘rtain 
inorganic or miinTal snbsiaiiet's. Of tlu'se, some ftnv 
appear idmost, if n(»t abs(»luicly essential to tlu^ nutrition 
of the organism, whilst they all lM*ar an important part 
in its histological or intimab^ coinjtosit ion. Such iiior* 
gallic substances as the various salts of lini(‘, silica or 
flint, iron, plmsphorus, etc., apjM‘ar to cut(*r into the 
intimate composition, and othcrwisi* t(> he elost'ly bonml 
up with tlic nutrition, of the living «)rganisui. 

To the above lu’oad and general facUs ami laws regn 
lating the relative nature of tiic foJMl of animals ami 
plants, lln-re^ippear c(‘rtain (‘.vceptioiis, of wliich it is 
necessary to take r.'ognisance in the prcsriit inslamu*. 
Tims <‘ertain of tlu‘ Iowan- plants, nr ^’^ulgi, appear to 
subsist cliiclly, if not entirely, upon organic compoiimls ; 
living parasitically ii]kui <ilhcr plants, upon animals, 
the substance <>f whose b<»dics tiny appiojaaalc to tiicir 
own and spi-cial nutrition. And in tlicii- rc:t. tioii ujHvn 
tlu‘ atmosphere they <io not ap}M*;tr lo t-mit oyygeii, 
as is tin* i-a-e with oidiiiary plant-, t 'i>n\ ora iv t-Ki, cej- 
tuin of the lowot forms of animal life .>m*h, ji- ilnMlee})- 
seu .K«»raminifera - appear to be rapabh- of :ng upon 

inorganii- materials, ami so to imi’.atf tin* member.', of the 
plant .Senes ; wiiilst such ibnns have been also ..appo-seti 
to present exet*]»tions to tlie ordinary rule •.!’ aiiiniol i xist- 
eiice, in that they inhale* earI»oiiie acid ami eo/U oxygen. 
But the validity of the.e latter snpj»«e-^itioii.s a|'jtear.s to 
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be rendered doubtful from the consideration of more 
feasible explanations of tlic conditions of life in these 
deep-sea forms ; which conditions will be more a]>propri- 
atcly referred to under the head of ^‘Distribution in Space ” 

In considering^ very generally the actual details of the 
nutritive process, we find it divided into tlje subsidiary 
process(‘S of prelnmsion ; mastication ; insalivation ; diges- 
tion ; absorption ; assimilation of the absorbed la’oducts 
of digestion ; circulation of the nutritive fluid or blood ; 
nutrition of the tissues ; excretion from the tissues ; and 
res})iration or tin* purification and aeration of the blood — 
that is, tln^ excn‘tion from the body of the substances 
eAolve<l from the tissue-waste, and the simultaneous 
absor})tion of fresh oxyg(‘n into the nutritive fluid. 

In animals we find the food-material received within 
th(‘ body, and gemu'ally an intenial cavity or stomach 
is the seat (»f tlu^ essential changes and ]>rimary stages 
in the elaboration of the nutrient matter. Even in 
tin' l(»west organisms, suci) as tin* Anmim, we find the 
function of prehension subs(‘rv(‘d by tin- tinger-likc pro- 
(U‘.ss(*s into which it is ea])able of ]msliing out its ])roto- 
])l{isniic body, and tlie little parti<‘le of food is Jeeeiveil 
within the soft jelly-like mass, and is then* subject(‘d 
tin* digestive pro<rss. A litth* clear%sjiace is then 
se(*n to form aroiiinl the food-juirtich*, and gradually 
it ajjpears t(» In* dissolved and ineorjMr/ated with the con- 
tents of the b<*(|y. Ill this ease digestion, assimilation, 
and absor])tion an* jM*rformed at onee and by the same 
])rocess ; which, simjde though it may a]>j»ear, yet par- 
t'dvcs, (*(]ually with the highly (‘omjtlicaied ju'oeess of the 
mani^iial. of the subtle and mysterious nature of Ji truly 
vital a 

'Jdn* jjidci. ’ of digestion, or, to use the wider term, of 
assimilation, is tln.v*Uore to be regarded as ess(*ntially and 
jaimarily nt'tl in its n.i tnn.- That inanv changes occur 
in tin* process of elaboration of AkhI into a nutritive fluid, 
vvhich are explicabh* on chemical grounds and conditions, 
cannot be denied : ]»ut to assert that the entire action is 
merely one ot chemical separation and re-formation, is to 
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state what is as far from the truth as to say that there 
is no chemical action wliatever. The chemist, for example, 
may make us acqiiaiutcil with the motlns ojH’randi and 
results of the iiitlueiice of solar li^dit ui)ou the fuiic- 
tioiis of ])lants ; hut his explanation will leave us as igno- 
rant as before of the more intimate causes or fori*es from 
which the veiy actions he describes take their origin. 
There is, therefore, a soinctliing in the vital actions of 
plants and animals which a mere cluauii^al theory will not 
suthce t'> explain. Chemistry, it is true, will explain for 
us the ‘'oihliflunft miller wliich many i>f the fimctioiis of 
the living body are exercised. Of such conditions it takes 
due e(ignisaiiee, and may further elueidati* the manmT in 
whieh they relatively eombiiie to eth‘et a given ri‘snlt ; 
but it does not follow tiiat, altbougli wi* gain a perfect 
km)wb‘dg(‘ of the conditions under whieh an action may 
take place, we are also, anil at the same time, con- 
versant with the caii.<r.< whieh givt* risi* to the eonditioiis. 
The solar beam may tlins repn‘sent the conditions neces- 
sary for the <liie ]»erformanee <‘f jihint-fiinctions, but of 
the intimate changt*s and actions whieh the plant (dleets 
ill turn upon tin' sunlight, chemistry can give no exjilaiia- 
tion. For, if we an* to di'iiominati* such actions as pim'ly 
cheinic'jd in nafure, there will, evi'ii alb*!- such an admis- 
sion, he many points and phases which r(‘nder thi'si* aid ions 
entirely ditlerent from, and uiililn*, any processes with 
whieli th(^ eliemist is aeipiainted. Such an admission 
would thus involve* the chemist in the dillieiilt jiosition of 
being unable to account for or cxjilain phases, which, at 
tlic same time, he admits to fall Avithiii the* pi'oviiieiv i)t‘ Ids 
science. Ami unless we assume tin* existejj<;(‘ nf soim* 
other force iiiliereiit to, and manifested solely by the 
living organism, we shall have to h'ave the ipiestion at 
-Ift '.me which does uot a<liuiL of any feasible nr e,om- 
pett‘iit explanation, 

lienee, in discns>iiig the probable eaiiseof this and other 
vital actions, we mn>t bring to light ami re})roiiuee the 
same arguments and einisiih-rations whieh W(^ havi^ already 
enumerated in investigating the subject of “ life ’ and 
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specialised, generally posBess, as already remarked, a rudi- 
mentary or general circulation of the fluids contained in 
the cavity of the body ; this circulation being excited 
and maintained by the action of the minute, vibratile, 
eyelasli-like filaments, known as (alia,” which very 
generally fringe the surface's of the internal membranes 
throiigliout the animal sc-rios. 

Tlie function of respirati<ni is performed generally by 
distinct <)rgans, km)wn as ‘Mungs,” jind as “ branchim,” 
or “gills;” but it may be subserved, as in Flusira 
(Fig. b), by the tentacle's or organs of prehension. In 
«)ther casiss resjnration is jH'rfornu'd by ilie ciliated sur- 
face's of the luxly-cavily, or ]>y the general aiid external 
surface' of tlu^ ]>ody. in any eas(‘, the absorption of 
oxygen gas, and tin' exa-rdion of earboni<r acid gas, are 
the cliarack'ristic fi'atures in the ]K‘rformanct^ of this 
function by tin' animal. The function of rt'sjiration in 
plants is performed ])y tin* leav(‘s ; carbonic acid gjis ))eing, 
in tin' cjtse. of the plant, absorbed, whilst «'Xygcii is 
exhaled. 

The function of r(‘spiration ranks, in ])oint of fre(juency 
of occurrence throughout the animal s«'ri('s, next t(» that of 
tini actual preln'usion and digestion of food. Ev(‘n in 
such forms as tin* Aninha and its albd's, tln'ri' ap])ears to 
exist a pi'oc(fss indtjitivc' of tin' renewal of oxygeii in the 
higln'r animals ; ainl from the intimate connei tion btdwcen 
the proe('ss('s of circulation ainl res]>iration, it a})pears 
highly pr<d»able that the two pnu'cs.'^os may, in tiu'se 
|’*'* er organisms, Ih^ subserved by oiu' and the same 


111 this way, tin; “ eontraetile ” V('.sieles of the 
(Figs. J:^, A /», and 2- A, c r), may 
inquiry,* Vob ' ' ^‘qually sjjka'rve tin* eireulatiou of tluiil, 

of being a 

oilun- ivs(.in< c tha’a ‘ thP'.vo-. I, ' 'J,.'' 

flirtin'!' or lu'tter I'xplanktton (T/'*'g.f“v.‘Si»iiro'Uh e5«ie oi 


functional manifi'stathms. 

])igesti<tn in the stomach or gastric cavity is. in the 
higln'r fiirms, suceei'ded by digestion in the intestines, to 
wiiieb latter ]>rocess snceeeds the absoqition of the elabo- 
rated lluiil from the alimentary tract, by a distinct set of 
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beginner in zoological studies a broad, but, at the. same 
time, e.ssential and necessary idea of the mode in wliieh 
the organisms he will meet with in lii.s systematic 
studies nourish themselves, and of tlie manner in which 
the chief and most apparent processes of life are sub- 
serveil throughout the animal series. It only remains, in 
the pre.sent case, to sa^' a few words eone^'miiig the fum?- 
tion r>f Luin-ratinn, since we reserve tlie consideration of 
the liiproihirfivc function for a separate chapter, and for a 
subsecpient period in our biological stn-lit‘s. 

Tlie function of ( /no'o/, or Trrihthififj/^ 

has already been defnnMl as that wlu'ri'by an organism 
maintains relations with it.s fellows, and wdli the medium 
in which it lives. The pres<'nt fnm tion i^ (tne which has 
been thought to be essmitially pi'ciiliar to the animal 
serie.s. And the functions of relation ha\t‘ accord! nijly 
been denominated the “ animal ” fnnetinns ; whilst those 
of nutrition anil rejirodnction, from tlu‘ir comnHinity in 
both plants and animals, are e«>minonIy spt>ken of as the 

organie ” or ‘S'egidative " functions. 

Whilst, therefore, the «*orrclativ(^ process is (*ne wliieh 
is sc(‘n to fullest porfeeti<»n in tlie animal series, theri^ 
is good reason for tlu^ belief that plants also possess 
means for maintaining relations with surnaindiiig media, 
and this in a manm*r closely analogous to that observed 
in many animal forms. And when we rellect that, in not 
a ."'W (frganism.s — (‘xcmjdilied hv the entire and 

most truly animal nature of wliirh can- 

not he (]ue>tioned, no distinct or specialised apparatus 
for carrying (Hi the fnm-tion nf inniTvation can he dis- 
cerned, w<' must admit that the limit:iti"n of tin* function 
to the animal .series is, (»n reasoiiahlc grcunds, to hr con- 
sideretl ass(»mewhat of an arbitrary nature. Such animal 
organisms, as an' above indicated, despite tladr want of 
specialised or distinct lu-rvous centre.s, exhibit many rf tlie 
phenomena wliicli we regard its normally taking origin 
from, and as regulated by, a eorn'lative a])paratMs. "J’he, 
})henomena of eo-(»rdinatioii of motion, of contractility, 
and many other proce-ssc^, whicli, in the higher forms of 
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animal life, we know to be dependent upon the operation 
of the innervative function, are also perfectly exhibited by 
many of th(‘.se lower forms. Hence we are led to tlie be- 
lief, firstly, that the ])hcnomena of correlation may appa- 
rently be dissociated from a specialised nervous system ; 
secondly, that tlu^ specialisation of this function does not 
partakf^ ol‘ that <iTadual dev(dopment which we have seen 
to b(^ characteristic; of nutrition and reproduction ; and, 
thirdly, tliat the innervative process apj)ears to he sulv- 
R(;rved in the; lower forms of animal life and in ])lant 
exist(‘nee ^^eiierally, by an adajdive or functional dev(‘lop- 
ment of tlje ordinary tissues ainl textures of the body. 

The advance in tin* histological de])artment of morph o- 
lo^ry^ jui(] the (dose a}ipli<‘ati<ni to, and improved luetlujds 
of, inieroseopic n'search, may in tin; future^ enabh‘ us to 
d^^termiiie with exactitude tlie curious relations between 
the fuiictiiMi of innervation and the organism in which it 
r('si(lcs. . Ib'cently, I )r. Ijoiad llcale lias sngg(‘st(‘d tin; 
idea,, tliat not only .in nu'ans for the performance of the 
correlative fiiiicliim invariably juvsent in the animal 
orgaiiisi]!, lull tlies(‘ means may, in tin* liands of the skil- 
ful microscopi.^l, be traced out to actual demonstration. 
Thus ht^ tells us that “ it might be sujiposed that we 
should ])(‘ abb' to form a c(>rrcct idea of ilio essential 
structure of a uerviuis apparatus if we appealed to some 
of the l()W('sl organisms in whicli tlu‘ existeJice of nerve- 
tissue mi,i!:ht he fairly assumed, in them it would be 
suiij>os(*d tliat we should wwvi with a nervous system in 
a very simple' comlitbm. Ihit it unfortunately bajijHms 
that ill tlu'se lower forms of life the nerve libre.s are so 
very delicatt* as to be, under ordinary eircumstam'es, invi- 
sibU'. Tsor is it surjirising that tin* dilliculty of detecting 
them lias induced some to adojit the hasty and, it must 
be admiit(‘d, uiijustiliable infenmee, that many ereatures 
wliieli ('xhibit combined and complex muscular movements 
are altogether di'stitute of m!rve-libre.s, but that the nerve 
matter of tlicir bodies exists in a ditfused and fluid state, 
or ill the form of iiiiuute discoiinei^ted particles dissemi- 
nated amonest the tissues. 
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“ Now, if tlic tissue of the arm of an Actinia, or soa- 
aiiemone, be carefully examined after successful stainin^% 
multitudes of minute oval biophvsts (nuclei), taking differ- 
ent directions, will be observed amongst tlu' muscular 
fibres, JUS well as in the extermil investment. The disposi- 
tion of those would receive explamition if tlioy were con- 
nected together by dclicjite tlircads. Here and there, in 
a verA' thin s])ecimon, a very delicate film cjin indeed be dis- 
cerned ])jussing from one bioplast to its neighbours 

In the j>eripheral organs of the jicrfccr fly, and in iminy 
tissues of the mollnscii, <‘sj»rci.‘dl\ over s<'iue (T the muscles, 
I have b(*on Jible to se]»arati‘ an extremely di'Iicate tissue, 
consisting primapjdly of nerve-cells with v(‘ry fine tibres 
juissing from tlumi, and crossing and interlacing in every 
direction, (‘oustituting what imiy truly be tlescribetl as Ji 
nerve membram? of extreme delicjuy. A\ e slndl find in 
tile perijilieral jiarts of tbe muToiis system of nnin jind the 
liigher auiimds at aii ejirly period of devt'lopnnmt, a jin'- 
cisely simihir arraugcmn'iit. In this delieali* membranous 
structure no sejiarate nerve (‘onls or fibres can be detected, 
but deli(tate tracks enissing one another jit various angh^s 
may be disc(‘vned.” 

The view thus |)romnIgated is further jh tjiih'd, willi tin' 
object of showing tluil, in all ]»robability, the nervous 
power, in virtue of which tin* function of cornhition is 
nninifestcd, n:ay be regarded :is ;in original property of 
Lue “ protophism ” or “ binplasm r>f which the living 
organism is conifMised. And hcnr<- 1 >r. JJcale b<'licves in 
th(‘ conuiiunity of typt' i>f lu rvi'-lbrce, as e\hii»ited in the 
lowest or in the highest organism ; this emnnion nature 
biking origin from the eummunity of the living bio- 
plasm,” in which this iicrve.-fnrce or correlative | tower is 
originally iidien-nt. 'J’hns he says — Although, therefore, 
the nerve-current may be due toelaanieal change, jind the 
arnuigement of the nerves might be* jiecounted I.t by 
physical actions, both series of phenomi'iui. are defteiidcnt 
upon anteceileiit operations which must bir jit hist referred 
to the direct infiuenee exerted by the juteuliar power w hieh 
is asstjciated with the* matter of the biopliusm durijig its 
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liviug state.’' And, again, a nervous apparatus is to be 
regarded “ as consisting essentially of fine fibres and masses 
of bioplasm, 'wliieJi form uninterrupted circuits.” And 
lastly, regarding tlie primary origin of the nervous system, 
as afi’eeding the question of its actual presence and form 
in the lowest organisms, ])r. Beale says, the formation 
of tlie nerve -fibres and cells — the construction of tlie nerve 
mechanism, must be referred to the properties or powers 
of tlie bio]>lasm which prccaMled its formation. Tlie action 
of the mc(dianism may be said to be due dirc<'tly to phy- 
sical and chemical i-hange, but the matter whicli is 
changed, it must be borne in mind, Wiis formed by bio- 
])lasm, and owed its origin to liiojilasiii. The higher phe- 
nomena of th<‘ nervous sy.'<t(‘m are jaobably due primarily 
to tin* movcuK'uts of bioplasm, by which some ]»art of the 
nerve mechanism is acted iijicn.” 

Tiie ingenious tluMu-y tlius (‘xjiressed, may, fi»r the ]*re- 
sent at any rat(‘, afibrd an i xplanation of the occiirrenee 
of correlative |>henonn*na in the low<*r forms (tfaniinal life, 
which has th(‘ nnait ofrt'sting iqxm a demonstrable basis. 
And if we accej»t the main thought of thi.s view*, we may 
form soiiK* eoncejilion <*f tin* mode and nn'ans hy which an 
organism '-such as the A nmha — whose l»o(ly<'onsistswJiolly 
of biojilasni in its sini]>h‘st ]H)s.sibli^ state, maintains rela- 
tions in its economy which are undoubtedly anal<*gous to 
thosi* we are accustoimMl. in the ease tdtlu* higher organ- 
ism, to associate with the jiossession oi nervous centres. 
In this w’ay, also, we «‘an <-onceive a ])robable idea (»f the 
non-sp(‘cialist‘d nature td' the nervous a]»]>aratus in the 
loW(*r forms ; the progres.s of specialisatinn ti'iidiiig to 
gather togt*th(‘r and to coucentratt* the hi(»plastic nerve- 
centres, until, ]>r(\gressivcly, the highest ibrm of a ner- 
viais apparatus is jinMlueeii. 

The es.vential feature in the function of Cortruiti'm is 
the nveptimi by tin* organism, through its correlative 
ajqiaratus, of (Mu taiii im]>ressions derived from the external 
W’orld. and hin)wii a.s “ sensations.” These impre.ssions 
or sensations, through the medium of its iiervoms system, 
influence tlie individual parts of the orgaiii.sm, or the 
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organism as a whole ; and it is tims enabled to re-act 
upon the media by which it is surrounded. Or, if we 
state the ease in tlie reverse order of its eirciimstaiKJcs 
and phenomena, and start with the influence of the 
organism upon tlie external world, and the reaction uj^on 
the organism of external media, the result, to the imnlia 
and to the organism, will be exactly similar in every 
way. 

The rece]>tion by the organism of “ sensations,'* and its 
reaction ipuai the medium from wliich llit' sensations arc 
derived, therefore constitute the essiaitial and characteristic 
features in tin' operation (»f the eorr<‘lativ(‘ fnncti<ni. And 
in the lower Juvntrhmte forms of animal lil'c tin* nervous 
ajiparatus may be considered to be almost wholly oecu- 
l»ied in the n'ception of the ordinary “ s('n>:itions,” which 
minister to the wants and necessities of existence, with- 
out any active or intelligent appreciation of the cause's or 
results of tlie sensations tliu.s conveyed, (h*, to ust‘ the 
words of Dr. Carpenter, “the type of psychical jKaiection 
among invertebrated animals, which is manifested in the 
highest degree in tlie Social Insects, consists in tin' t‘X(;hi- 
siv(‘ development of the A ((((nuftfir jKOvers, in virtue of 
whiih each individual jierforms those m tions ti» which it 
is directly prompted by the impulses arising out of impres- 
sions made u]>on its ufl’erent nerves, without any s(‘lf- 
control or sclf-dir<‘ction ; so that it iiiusi he reganlr'd as 
entirely a ereatiire of neeessity, ))erforming its instrumental 
])art in the eenuomy of Tsature from im «le>iLm or will of 
its owii.lait ill accordance with the plan originally dc\ ised 
by its (’reator.” 

In the l'rrf> mti tlie (dher haml, W'c jijid the higher 

perfection of the correlative apj)aratns as-^nriated with 
powers wliich place the <n'ganism far ah(.\c th** rank and 
relations of a jiieee of automatic nii'chanism. And w,* 
accordingly notice this sp<M-ialisation of the eorrelativ*- 
powers in ihest* liigher forms, evincing itsi lf in the poN^ 
session of a power of appreciation of tin* origin of sen-a 
tions, known as ** int<*lligcncc whilst, in virtm* <tf this 
latter feature*, wt* flml auotlier and distimiive jiow or supe/r- 
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added, wliieh i.s devoted to the re^,ailation of the move- 
ments of tli(! body, tand which is kiiowTi as the power of 
“ volition ” or “ will.” 

SucJi a develo])in{‘.nt of functional powers and attributes 
is aecoinpaiiicMl by a corresponding specialisation of the 
nervous (*(Mitn‘>s ; juid accordingly we observe the correla- 
tive apj)aratiis of the Vertebrate to evince a division into 
distinct ])arts, eacli ])art liaving to deal with sjiecial ])ro- 
ccsses in tlie jHirlbrmance of the cornlative function. The 
ccrcbro-s})ina.l axis ” of tlx^ vertebrate (Fig. 11), consist- 
ing of the l)rain (/> r) and spinal cord (s «), thus constitutes 
tlie (!liicf nervoJis axis of the body. Tlie l)rain, or collec- 
tion of ncrvc-ccnl n‘.s, or “ganglia,” is the seat of those 
dire(*ting and guiding ]M)wcrs which raise the vertebrate 
al)ov(‘ the lower or inverti'brate forms ; whilst the “s})inal 
cord,” (»r continuation of this chief nervcuis c(‘ntrc, forms 
th(‘ nicdiuin through and from which the nervous suj)ply 
of tlic body generally takes origin, and along which the 
guiding impulses of the brain are transmitted to the various 
organs ov parts of t he system. Ami, lastly, from the brain 
and spinal cord the various nervous trunks arista, and are 
distrilmted throiiglnmt tin* body. 

In addition to this ehief lu'rvons axis wo find a second 
series (»f nerve cent res presenit in A'(‘rte )>rata. Tliis latter 
system has been denominated tbe “ syiii pathetic ” or “gaii- 
glionie” system of lu rves (Fig. ll.pyf), and eonsists of 
a chain (d‘ “ ganglia” or nerve-centres disjjosed along tlie 
iindm* surlaec of the spinal eolunm, and eonnected with 
the “ e(‘rebro sjiiiial ” axis. The ojieratioii and regulation 
of this latter system of nerves is, ti> a great extent, inde- 
pendent of, and without the inihience and command of, 
th(‘ will, 'fhe functiiUis of the “ .syinjiathetie ” system 
appear to be those of regulating the movements and jiro- 
eesst‘s of digestion, eireiilation, and respiration, and of 
inlluemdng the various secretions cuiinected with these 
processt‘s. 

In i in'trirJn-nfa tlie iiervoiis axis generally consists of 
a serii's o{' nervous centres or “ ganglia,” arranged after 
various fashions, and eonnected together by nervous cords 
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or bands. Such a system, whilst it may l)e sliowii to bo 
partly homologous with the “ eerebro spijial ” axis of the 
Vertebrata, nevertheless corresponds in general function 
to the ‘‘ sympathetic ” system of the latter forms. The 
Invertchrafe aj)paratus of correlation may tlnavforo be re- 
garded as a general medium for tlie regulation of the 
vital processes of the lM»dy, tog<‘th<‘r with the administra- 
tion of the correlative powor necossarv for tlie fuiK'tional 
exercise of the orgmis of sense, in cases wdicn* these are 
present. The “ excito-motor ” nnnenuMits of the [nverte- 
brate, together with those whi<*h, from thi’ir atlectingthe 
organs of sense may b(* t«*rmed “staisori motor,” are 
essentially and solely of an automatic kind ; siin c. howiA'er 
])crfectly adapted to surronmliug 4‘ircumstaiit(\s these 
moveimaits may be, tlu*y want the directing and gnuling 
intelligence' of tlu' higher f >rms. 

In luvrvtrhrata^ aeeordinglv, the in'rvous axis may 1 m^ 
regarded cliietly tis constituting a ]nere coniu'cting and con- 
trolling iiK'dium to th(^ various jKirts «>f the organism. Its 
various centres may be regarded as semi iii(h*p(‘iidcnt fac- 
tors in tin; constitution and j)crfonnnncc of the correlative 
function. In the on the oilier hand, tiu' proct'ss 

of specialisation tends to develop as eidef and iiidi'peiident 
factors, certain jiarts of the nervous axis ; these latter 
parts serving, as we have s«Mm, to direct and control, in 
virtue of nn inherent intelligenci', all the timer imis and 
jirocesses of the organism. 

The ocenrreiice amongst et-rtain Iii\a*rtelir:ite jbrms - 
typically exemidified l»y the “social” insects of a n*- 
markable development of ap|»areiit intelli omcf, dircctiici 
and guiding the .special iinpuls<*s of these eicatnres, is 
entirely and satisfactorily explieabh* arcieding to tire 
ordinary facts and laws wliieii regulate the correlative 
function in tin; lnvort<‘brata as a whole. This adapUv 
tion of aethm to .s|M‘eial ends, w(‘ ordinarily know jus 
‘‘ instinct ami the exhibition of tlii-; j»ower or phase 
occasionally includes jdieiminena of the most remark- 
able kind, which would, at first sight, seem to lx* sug- 
gested, directed, and eoiitrolled, by tlie operation of an 
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animated intelligence analogous to that which controls 
the operations of the higher and Vertebrate form. 

The phenomcina, for example, which are noticed in the 
perfuruiaiHte of tlie many and complicated functions that 
make nj) tlaj lifc-liistory of the ant, wasp, or bee, and the 
consideration <jf tin; wondrous exactitude with wliicli tlieir 
many labours ami duties are performed, would, and not 
unnaturally either, almost force u})on us the iinjiression 
and liclief that this so-called “ instinct” must be nearly 
allied in nature to the higher powers (►f reasoning and of 
intelligence. Yet the most marvellous exhibitions of 
instinctive ])owers simply consist of inovenieiits ijiduced 
chieily by exPiriial impr(\ssions — “ s(‘iisori-mi»t<)r ” move- 
ments — but in which neither reas(»n nor intt!lligence, as 
evinc(Ml in the higher animals, jiariicipate. 

Th(^ was]), ant, or bee thus <•< instructs its abode, and 
})(uforms th(‘ duties inci<h‘nt:d to its highly organised 
existence, primarily, as a result of the “adaidive” nature 
of their nervous organisation ; the surrounding circum- 
stances of the insect’s life being the undoubt(‘d and excit- 
ing causes of the “sensations,” and tlirough these latter 
of th(i “ mo\ (‘iiicnts ’’ wliieli together make uji the cycle, 
of “ sensori motor ” or ‘‘instinctive” acts. And this 
assertion reeeivt‘s suj»])ort from tin* mere circumstances 
and essential conditions under which the instinctive j)owcr 
o])(‘rat(‘s. Thus the same serh's of actions and labours is 
nmh’rtakeii and ])erfonned by all the membias of the 
colony, or by the entire spccii*s ; a community of imjadse 
being thus associated with a similarity of conditions. 
And the insect may therefore be coiujiared to a highly- 
]>erf(H*t ]>icce of automatic mechani.sm, which derives its 
imjnilse from the conditions by which it is surrounded, and 
which invariably executes or juTforms the same round or 
cycle of duties with an exactitude due sim]ily to the har- 
monious and unaltering nature of the surrounding media. 

And similarly W’ith the relations of instinct to the 
educative jiowcr we familiarly know as ex])ericuce. The 
higher organism })n>gressively, and through the teachings 
-<(iiud instructive pow'cr of experiem-e, attains fioiii iui- 
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perfections in the ]x^rformance of duties and labours to 
their due and perfect execution. Its progress, intiueiiced 
and carried on by its high psychical development, is 
necessarily at first of a slow and gradual character ; 
but, once having attained to tiic knowledge and exe- 
cution of th(‘ task, suci‘e(‘ding etlorts will only tend to 
further improve or perfect the knowlc«lgt‘ which Inus thus 
been acipiired. Not so, howi'.ver, with the form which 
perfonns its duties in virtue of the possession of merely 
instinctive powers. The bee or wasp. aft(*r arriving at 
nuituritv, at once enters upon tlu^ ]>erformance of the 
most eom])lit*atcd duties, witlnuit any previous knowledge 
or educative effort ; and tlu' task or la]>our will be nom* 
the more pcrfi‘(‘tly jKTformed at the close, of existence, 
and after countless repetitions, than it was at the com- 
mencement (»f active life. Tin; Imm'. similarly with tin* 
jiutomatic machiin*, thus iv(juir(‘s no preliminary educa- 
tion or ('Xpcricncc, but enters upon its duties at oin*e, and 
as naturally as the irnrlianism (»f the machine, once per- 
fected and set in operation, fulfils the function fi)r which 
it wiis d(‘stiiicd ainl prepared. 

And, lastly, jls remarked fjy Dr, Oarp<‘nt(‘r, “ tin; very 
j>erfeetion of the adaptation, again, is oft(‘n of itself a sutti- 
cient evi<lcnc<‘ of the unn*a';oning charact^T of tin* In'ings 
winch perform tin* work ; f<»r, if \vr attrilmti; it to tln'ir 
own intrlligoncc, we iiiiist admit that this intclligonce 
freipieinly npial-, if it d«u-s not surpass, that of tin; most 
aecoiiiplishcd Human n*asinnr.’' 

The phcuomciia of ooutrartility ainl movomnnt i*f* tin- 
leaves ol»s«‘r\t‘d in many plants liavn been n forn'd to in 
coiinin‘ntiiig upon tin- aj*pan*nt limitation of the corrclativr 
function to the animal world. Sm-h inovt-incnts are wit 
iiesscil in widnly different d(*grees of prrh-etioii thnuighoin 
the vegetabliMvorld ; those o]»st;rv rd in tin; d/r/zoA'.//- or Sou 
sitive plants, in tin; Venus’ Kly-tra)* (Ihittnr,/ 
and in tlie Moving Plant of India ( /^ mfi'fii.-,), 
exhibiting the phenomena in their most typical asp(;<*t. 
The leaves in tin* first iiieiitioiied plants (*xhibit a liigh 
degree of irritaf»ility ; the slightest touch or irritation 
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causing them to exhibit the movements of folding in and of 
drooping the irritated organs. Wliilst in the Venus’ Fly- 
trap the surface of the Icuf-bladc is provided with sensitive 
hairs, which, on being touched or irritated, appear to cause 
the closure or folding-together of the two halves of the 
leaf-blade. In the Moving Plant of India, the individual 
leaflets of wliich the leaf is composed exhibit a constant 
oscillatory mf)vement, and in this way they are seen to 
wave fnnri side to side, and also from alx)ve downwards. 

The seat of these movements appears to exist in cellular 
nodes or swellings situabid at the base of the leaf-stalks 
or ‘‘ petioles” in the sensitive plants ; the sense of irrita- 
tion being ap]«irently conveyed by these sensitive expan- 
sions to the c,e.llular structures of the jdaiit. By Iwtanists 
the cause of tlu\se menuunents is thcreiore ref(i*red to the 
contraction and exi)an.sion of the. cells and cel l-<*on tents ; 
and although such an cxplanathm might account for the 
purely mechanical movement of the leaves, there yet re- 
mains to be elucidated the nature of the conditions in 
virtue of which the cells become thus sensitive to the 
action of stimuli. The inference, that these i*onditions 
may take origin from the jaesemre of a correlative appa- 
ratus of a ]owly-s])ecialiscd nature, does not, in the face of 
tlie cnnsidcTations ])reviou.sly enforced, become of an im- 
probable or unwarranted nature. And recent ])hysiologi- 
cal researclu's — among wlii(di those of Dr. l*ettign‘W 
stand eonspieiiouH — have given to this hitter opiniou a 
nature and status above that of a merely hy])otlietical 
statciuciit. 
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Nature of the Rofiroductive Function- \'arion» Forms of the Pro- 
cess — “Sexual ” uml *‘ Asexual *' .Modes “ Sexiial " K(‘j>ro<liu- 
tion — “Asexual” ^^etll(M^s — “Gemmation” or “ Ilml(iin^%’' 
and Fission — Kxnmjiles of Fis>.ij>arous lu>|»nMlui*tion — Illustra- 
tions of “Gemmation” — Internal and Fxternal Gemmation — 
“Alternation of Generati«>ns,” or “ Metafjenesis ” — lllu.stra- 
tions of “ Parthenosjcncsis ” — Antagonistic Nature of Iteju-o- 
duction aiul Nutrition. 

Thk function of “ Keprodnctitm/' and its c(uicoinitant 
])hcnonu*na, constitute one of tlie most important pliasts 
of wliicli the cycle of existence in a living being is 
coiniK»sed. Ami the ])rcsent function ditlcrs materially 
in its mode and iteriod of operation, and in its otfeers 
upon the organism, from those other vital processes 
wliich minister respectively to the niitriti(Ui and inner- 
vation of the living form. The ]>roces.s of “ Nutrition” 
provides for tlie due repair and siistenamre of tlie 
being. It is manifested throughout its taitire exisbuiee, 
and is more or less constantly in oj)cration and a<'tivity. 
The function of “ Innervation ” partakes in nature much 
of that of the nutritive process. It is similarly exerte<l 
and exerciseil fnan tlie earliest jieriod oft'xistcm-e to the 
close and cessation of life ; and, c(»nj(»iatly xvitli the pr*-- 
vions function, aids and operates in the jireservative and 
nutritive interests of the organism. Very diflerent, how- 
ever, are the as]>ecls in which the function of ‘‘ Itepm 
duction ” must be viewed. So far from being exercised 
throughout the whole life of the organism, we tind 
it in operation during a very limited jiortion of that 
existence ; and in mo.st ca.ses, only when the mature and 
adult stage of life has Ijeen attain(‘d. In its duration 
and period of activity it in similarly inconstant ; and 
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finally, irmtead of contributing to the nutrition of the 
organism, or aiding in the regulation of its body, we find 
that the reproductive function tends essentially to detract 
from, or even im])air, the energies of the form ; so much 
so, inde(ul, that in some cases the existence of the being 
terminates with the due performance of the j)rocess. 
And lienee the act of Keproduction is maintained by 
iSikmu'ct ;uid others to be halntually and normally opposed 
to that of nutrition. The; conservation of the imliviflual 
being, in this wjiy, antagonistic to the conservation of the 
fipi’CK K or racit. 

Nor (;an these somewhat unusual ])hcnonnnia ai)]>ear 
strange or inexjilicable when w'e refle(;t on tlie ulterior 
purj)os(‘ of this imiiortant jirocess. Its energi(‘S are con- 
centrated not solely on tin* individual ex(*rcising them, 
but oji the jiroductioii ami }»(n*])e.t nation in time of new 
indivi<luals ; a function and duty this latbu* of the highest 
im]>ort, in the linu* of c(nistant extermination and death. 
And thendbn; we find tlie whole lifi* and energies of 
the being, its jirescnt and ulterior existence, devoted to 
the ]K*rfect d<‘velo]»inent of those pi i uses in its constitution 
which have for their aim the extension of the form 
through space, and its jierpet nation through time. 

The function of reproduction ” or “ generation ” wc 
thus understand to l»e that process in the jdiysiological 
existence of every individual which provides for the jiro- 
duction of m‘w individuals, ordinarily resembling their 
jirogeiiitors ; or at anyrate exhibiting, after a series of 
lirimary developments, a more or less general likeness 
to the ty])e from whi<*Ii they are ])r(uluced. Although we 
thus find the function itself to be universal in its occur- 
rence throughout living beings, the modes in wdiich it 
may be efiected or ]>er formed exhibit a very great degree 
of variation, both jis to means on the one hand, and 
manner on the other. The various forms of the rejiro- 
diK'tive process thus admit of division, primarily, into 
tw(> gri*at grou])s. 

The first mode or form of the process is known 
as “ Sexual reproduction,” which may be defined as 
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that in which the two essential elements, those of the 
male and those of the female, come in contact with 
each other; the ‘^germ-cell,” ovum,” or ‘‘egg” of 
the female, being brought in contact or relation with 
the “ sperm -cell ” or “ spermatoz« ion ” of the male. We 
thus observe that the essential feature in this form of 
the reproductive j)rnress is the union of the two distinct 
sexual elements. Whether 1)4* furnished by the 

same individual or not, is a faet 4if immaterial i;ouse- 
(pience in tlie re4*ngnition of tliis iner(*l\ formal dcKnition. 
The prt*sen<‘e of tin* distiiut ( leinents <,f “ sex ” is there- 
fore the great chara<‘teristic 4>f ** sexual repnuluclio!!.” 

The second jn'imary form of tin* re])r*»ductiv4' ]>roeess is 
termed “ As«'xual ” 4ir “ Agamic ” gtaw rati4)n ; ainl this 
division of tin* process inelmh's a vaih'ty 4»l’ motlcs or 
forms, afttT, 4)r acconling to which, tln^ reproductive act 
may be effected. The distinctivi* and 4‘ssential feature of 
all the various modes of “ Asexual ” reproduction is 
simply th(‘ negative one, as applied to tin* “ sexual ” 
form of the process. In other words, jill the forms of 
tlu^ “asexual” reproductiv(‘ proe<‘ss agree in tin* fact 
that no union of mah* an«l fi'inalt* ('lements takes plac<* 
in this latter variety of the function ; and henct^ we find 
that the condition is essentially 4>ne of gr4)wth and 4h‘ve- 
lopment from one j)rimary “ iinliN idiial.” We shall, liovv- 
ever, have occasion to observe the oe<*urn‘ne4‘, in 4M*rtain 
“ iiiilividuals or groups, 4)f both of these j)rimary mo<les 
of the reja-oductive process. 

Uefore ])roceeding t«) noti<*e in detail the various forms 
of the function, wt* may 4'onveni4‘ntly <‘all attention t*) tin; 
siguitieaina* of the ti'rm “ indivi4lual,” used in a Z4»oh)'^i^ 
cal (U’ pliy.^i'dogiejd s<*nse. The /.iMdogieal “ indivitlual ” 
is gmn rally (h*tim*d as b<-ing invarialily “ (sjual to tlie 
total r4*<ult of tlie desadopiumit «»f a singh* ovum ;” or, as 
“ the sum of all the siie<'4‘-sivc stages of ilevelopnu'nt, 
through which the j)r4)4lm*t of a singh* feeun(iat(*(l ovum 
])asses, wln^ther these ."taires have an iinh*p<'iidcnt 4*xist 
ence t)r imt.” The essential of 4*aeh 4h*tiijitioii lij's in tin* 
fact that whatever arises 4)1* is devel4>ped from a sin^dc 
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egg i» to be regarded as the zoological “ individual or con- 
versely, that the result of such development, wliatever its 
form or relations, constitutes a single and ‘‘individuar’ form. 
Thus in the higher forms of animal life the single “ indi- 
vidual ” alone, is rei>cated in the course of reproduction 
and development. Each ovum or egg, in other words, 
gives rise to one and a single form known zoologically as 
an “individual.” But we have already had oe(;a.sioii to 
notice certain organisms (such as the Sea-mat, Fig. G, or 
th(‘- Ilydroid Zoophytes, P'ig. 4), which are of compound 
nature, and which, accordingly, consist of an aggregation 
or united colony of forms. Are such fonns “ individuals ] ” 
and if not, what relation do they bear to the form 
so designatiid 1 B(?aring in iniml the essential feature 
in the d(!linition of the term given above, we may trace 
the develojniKuit of such forms, with the residt of proving 
that in most cas(‘s tlie compound or^^nism of the Sea- 
mat, or Ifij(lro::oon, luus sj>rung by a process of budding 
froiii a single “ (»viim ” or “ egg,” or from tlie primitive 
being wliicli resulted from the dirci't development of an 
“ ovum.” llenc(‘ the eiitin^ compound organism must, 
consist ently with our detinition, be termed tlic “ indi- 
vidual;” and to cjuL of the separate little beings of 
which this conij)ouiid “ individual ” is comjmsed, the term 
“ zooid ” is apjilit'd. The true “ individual,” in short, is 
the product, directly or indirectly, of the “ sexual ” or 
true reprodu(*tiv(j act ; whilst the “ zoiiul " is tlie product 
of “ asexual ” inodes of generation. Lastly, it is to be 
remembered that, firstly, “zobids” may be perfectly free 
and indep(‘ndent of the organism from wliieh they are 
})rodiie(Hl ; their mode, of oriijin being therefore the sole 
criterion of their tnu^ nature. And secondly, the “ zoiiid ” 
itself may give risi‘, through a true S(‘xual process, to 
“ imliviilujvls,” which are truly such, in virtiu‘ of the fact 
that tht\v exemplity each the “ total result of the devoloj)- 
inent of a single ovum.” Bearing these l»road generalisa- 
tions in iniml, we shall be the better able to fully ap))re- 
eiate the various ])henomena iu which “ individuals ” and 
“ zociids” respectively tnke part. 
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Turning our attention to the “sexuar* mode of re- 
production in the first instance, as exemplifying the ]^ro- 
cess in its most usual and higliest form, we observe this 
variety of the function in greatest perfection among the 
higher animals. We are generally aware, from external 
j:>eciillarities of form in the higher animals, of the dis- 
tinction of the ‘‘ sexes.” Tlie peculiarity and essential 
feature in the nature of “ sex,” being the power af pnxluc- 
ing one of two distinctive ehmients netv.ssaiy for the 
due perfVirmance of the rei)roduetive proi-oss. We tiuis 
know that the “ jnale sex” is « haraetevisod by the power 
of producing “ sjK'rmatozoa whilst the function of the 
“ female s(*x” is devoted to the production of “ova,” or 
“eggs.” The “sexes” in the higher forms are accord- 
ingly foiiml situateil in difiereiit individuals, known re- 
s|H‘ctively <‘is “males” and “ fiunalos but in many 
forms, of even high rank in the scale of creation, we find 
the tw'o sexes t(» he contained wdthin one and the same 
individual. Where the sexes are distinct, and situated 
in difiereut individuals, we term sueh forms “ di(eeious 
and w'liere male and female organs of ri'in’oduction arc 
contained w'ithin one and the same finin, the individual 
is said to be “ momecioiis,” “ liermaphroditt‘,” or “ andro- 
gjuious.” Ill “ moiHccious ” forms, liowevuT, althrmgh 
the }X)wer of j»r<K]ueing ova and spermatozoa resides in 
one individual, we often tdiserve that th(‘ sexual union of 
fv'o such “ h<*rina]»lirodite ” individuals appi'ars necessary 
for the due impngnatiiui of the ova. Tla* opposite sexejs 
ill each ** momecious ’’ form being brought into contact in 
this way. 

The cs.-(‘ntial featuri' in the “ sexual ” form of rej>ro- 
duction, ihenTore, consists in the contact of the “ H|H'.rma- 
tozoa ” of the male with the “ova” of tin* female. A 
consideration of tin* iikmIcs in which this process is etfeeted 
throughout the animal series belongs to the j»rovinc<; of 
the systematic naturalist ; whilst the tracing of the sul> 
sequent dcvelojuiient of the ovum through its vaibms 
stages to ilie final ap|M aranee of th^^ jxTfinjt f<;rni, falls to 
l>e more apj»ropriately considered when treating of 

Development ” at large. 
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The eBsential organs of the ‘‘ male ” consist of ‘‘ sper- 
maria,” or receptacles in which the “ spennatozoa ” are 
formed and develoj^ed. These “ spermatozoa ” or s]>er- 
matozodids consist of variously-shaped, hair-like, or fila- 
mentary bodies (Fig. 21, A), usually of very minute size. 



Jl. Ova ato/oa. 

A, SptTiiiaf n/uitiils (if various aiiiitials ; a, M.in ; h, S'|uin‘rl ; (, Kat ; tJ, 
(lock : f , l,i/ar<l ; ./, l-'rtip ; it. l‘rr< h ; }t, ('. ''./(.vd'i.sli) ; /, J.iiiii'rt , , Sva- 
livnioii (Mollusc); /, Snail ; tu, liiscrf Crali; v, lliuiiit ( i-ali; ji, 
Marfliworiii ; /•. S<'a i'UcinnlMa-. 0. I Pa^raiamal ic srriioii of an «ivuiu ; 
u, “ \ ilrlliiK luciiitnauc ' «>r *' /ona pi Ihn nia , h, > nll> oi “ \ ildlus ; ” 
r, “ pi’itiiiiial M'sirh',” //, “j^cnniiial spot.” Si iiii ili,.,' raiiiiiialic 
Hcel ioii o| ovum in siOi, .‘'Un"uU'li-<| li\ its covnuij^'s atnl 

“ovisac:’’ < 1 , “Zona pdluciila ; h. viicllus; c. ;j-cnM-\csiclc ami >;tT- 
niiiial sjMil ; il. '■ «liscus prolic,.)iis,” or la>cr oj ci'lls in\cstiii^' Ihc 
o^■lllu ; <,ca\i1> of “<;ra;ili;ui vesicle" oi- '* o\ isac," usually contain' 
itii^ lliiiil ; /, “ membraua pranulosa ” or “i:iauiilaj' incmlnane," lining 
the Avails (i/lof the ovisac ; h, " stroma,” oi tissm- of the •• o\;u iiun ” «.>i 
uvarv, in which the “ovisacs'' or “Oraaiian vesi<hs " lie imheihlcil. 

and generally j)ossessing ;i more nr h‘ss roiuidtMl “ head,” 
to whifli is attached a vihratile tail.” Under the 
niieroscojte these bodies are seen to exhibit active move- 
ments, resembling those of aiiimalcnlar forms, and from 
this restMiiblaiice the common name of “ seminal animal- 
cules” has birn apjdietl to the “ spermatozodids.” The 
nature or source of su«*h movements is eomjdelely un- 
known to us. The “ s|KTmatozouids ” ap}>ear to be 
developed within characteristic cells of the “ spermaria,” 
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to which the names of “ si>erm-cclls ” or “ vesicles of 
evolution ” have been applied. 

The analoj^ous organs of the female economy are termed 
“ ovaria their characteristic productions being known as 
“ ova ” or “ eggs.” The ** ovaries ” or “ ovaria,” in the 
Iiigher animals at Icjust, are composed of loose tissue or 
“stroma” (Fig. 2K ^ ^0; the “ova” b(‘ing ju'oduced 
within sacs or capsules imbedded in this “stroma,” and 
termed “ovisacs” (y), or in tlie mammalia, “(Jraiitiaii 
vesicles,” after J>c Gniiif, their discnvi rer. The term 
“ovisae” is, however, of nnae general apj>iication, and 
therefore to be preferred. The ova” are generally of 
minute or microscopic size, and i xhibit (*acli tla* <'harac' 
ters of a typical nucleated eell. 'J’he “cell- wall” of the 
ovum is known as the “zona }»elliicida” or “vitelline 
inembram* ” (Fig. -1. 1> a). The “ nucleus” of the cell 
coiTesj>onds to the “germinal vesich' ” ('■). Tlu' “ nucle- 
olus” or inner nucleus is rcprcscnt»Nl by tlu' “germinal 
sp(d ” {'/) : Avliilst the ccll-coiitciits are n'preseiitcd by 
the “vitcllus” or “yolk” (/'). Thi'se thrc(‘ parts an' 
found present in greater or less d<*tail in all ova ; and 
the stiuctnre thus desi-rilM'd is essentially that of the 
ovum of all animals prior ‘to impn'gnat ion. In tin' 
higher animals the rdatiMiis <if the <»vum to its coverings 
are better st'i'ii than in the lower forms ; and it is in IIij! 
arrang<*meMt and relative p<»siti<m of tln*se eoverin^', that 
tlie essential dilfrivin-e betw<‘en tin* ova ol‘ I hr \ai'ions 
classes of the ttfh.mfa (‘spe<-ialjy consists. In tin' 
lower forms, the “ovisac” is genrrally closely applied 
to the “ ovum,” thus leaving litll*' or no interval he- 
tween them ; hiit in the Munnuof 't, \n which the rela 
tioiis of tin* ovum and its eoveriinrs hav«* been princi- 
pally studied, wr tind several <‘ellnlar strin tim's inter 
|n>sed. As seen in the diagrainmatii- se< tion of the .Mam 
maliaii ovnin iii Fig. ill, the walls (n) (tf the ovisac 
are represented ; and sitnate<l within the inner wall, so 
as to form an inner lining to the t»vis.ae, we tind the lay< r 
of nucleated et*lls known as the “ niembrana granidosa ’ 
(/). This same cellular layer also closely iiivt;sis the 
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ovum itself, and forms an ovular covering, known as the 
“discus proligeruK,” or “granular zone” (d) ; whilst 
within this “ discus proligerus” lies the ovum itself, con- 
etituti'-d by the “vitelline membrane” (a), the “ vitellus” 
or “ yolk ” (/>), the “ germinal vesicle,” and “ germinal 
spot” (c). These four last-mentioned parts, as already 
remarked, are common to the ova of all animal forms. 

Th(i term “ impregnation” or “ fecundation,” is ai>plied 
to the process by which the “ sj^ermatozodids” are brought 
in contact with the “ ova.,” and as a result of this con- 
tact the “ ova ” are accordingly said to be “ inij^reguated” 
or “ fc(Mindated ;” tliat is, the essential conditions for the 
jjrodn<*tion of a n(‘\v being liave been fnltilled. The exact 
nature (»f the (;onta(*t betw(*cn the male and female ele- 
ments is not known. In what tlie esscaitial j)rincij)le or 
matcricn nec^^ssary for buamdation consists Ave do not 
know ; and t in* riMison or cause w hy the “ spermatozoclids ” 
should j)osH(^ss in tliemsdves so ])eculiar a power, is a 
matt(T r(‘garding which wc can only s]>eculate and theo- 
rise. In most ea.ses, it would appear that tlie “ sperma- 
tozodids ” enter the ovum, and eome in e«tnta(*t with the 
“yolk” and “germinal vesicle;” this contact being pro- 
vided lor, sonn'times hy the ru]>t.ure of the eiiveh»pe.s of 
the ovum, or in (»ther cases, by the existence in the ovum 
of a special aperture. 

Tli(‘ conseipumt changes which it i.s the province of 
Development to ehronich', are thus iinlueed ; and iia a tinal 
observation, we may remark, that tin* act of “ imi)regna- 
tioii ” is tliUH dcpi'iidcnt n})on the “ fusion,” as it were, 
of the ])ropertics of the male ainl lemale elements. We 
can siilcly assert thus much, altliough, jxs above stated, 
the exact nature of these properties, or of the fecundative 
imx'ess, is wholly unknown. It may only be further 
noth'ed in the present instance, that wliilst in the higher 
forms id* animal life the }>rocess of im])regnatioii is gene- 
rally efl’ccted within the body of the female, in the low’er 
forms imi)regnation usually takes jdace external to the 
body. And similarly with the siibseqmmt development of 
the fecundated ovum ; this latter process, iu the highc* 
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Forms, taking place within the body of the parent-organism, 
and in the lower forms, being generally, thougli not uni- 
versally, carried on without the body, and often inde- 
pendently of parental care. 

The con.siderati<m of the “ asexual ” processes of 
reproduction leads us to iioti<*e very different phases 
from thos(‘ observtnl in the ‘‘ sexual ” method. We 
now ap})roiu*h to the ol)servation of luiules of n‘]WiMluction, 
which simulate, in a manner e»piaily strange and wonder- 
ful, the process<^s of onlinary “growtii” and nutritive 
addition. The process of “ sexual ” reproduction, in its 
earlier stages at least, and viewe<l analogously, is merely 
a process of gnnvth : since wc have to eoiisuh'r, in a 
generalised asp(M‘t, the “ovaria” ami “sp(‘nnaria” especi- 
ally of 1ow<t h)rms, as simply sp(‘cialis('d “buds’’ or pro- 
(‘esses of the iKuly-surface, subject to the same laws of 
growth and formation jis the other parts of th«‘ organism. 
But th(‘ various modes of “ as(‘x\ial ” reproduction ex- 
emplify this lattiM* observation in a far gn^abu' degn'e 
than the most gcun'ralised view of the ‘‘ sexual ” form of 
the process. As we shall i>resently f)bs«‘rve, several 
inodes of “agamic” repnKluction mimic, in tlu^ most 
cxtraonlinary mamuT ami in closest detail, the j>henoimma 
of vegetable generation ami growth. 

Two chief forms «>f the “ mm-sexual ” or “ agami(! ” 
modes of reproduction await <»ur ctuisidcratioii. Tln^ 
first of tliese modes is that in wlii<'h an organism repro- 
duees itself by the ]»n'»duetion of “ buds,” s])ringing either 
from its external or its internal .surfaces, ami which tinally 
dcveloj) into new )»eing.s. Such a })roeess is known as 
that of “ ( Jemmation " »»r ‘‘ Bmhiing,” ami, according to 
the surfa<'«‘ of origin of th‘‘ buds, the ]»roct‘ss is binned 
“external g(*mmatioii ” or ** internal gemmation.” This 
pnu'ess of “gemmati(m” is further termed ‘* continuous ' 
or “ discoutimioiis,” acirording as the buds remain con* 
tinnously and permanently connected to tln^ j)rodiicing 
surface or organ ; or its they an* detached from the parent- 
organism at an earlier or later stag(i in their lih'-histor}. 

The second motle in which the “asexual” reiiro 
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ductive process may be effected, is that of fission,” or 
simple division of the body-substance of an or^Miiism ; 
which original material becomes thus simply divided into 
new lx‘iiigs; and these new beings may cither remain 
attached to and continuous ” with the parent-form, or 
become free, detached, and “ discontinuous ” organisms, 
just as in the case of the “ gemmative ” or “ genimi- 
jjarous ” products. 

In the case of these latter modes of rci)roduction, we 
see many illustrations of the ^‘vegetative rejK'titiou of 
similar parts,” esjiecially in “ continuous gemmation ; ” 
but wlien tln^ jn-oduced “gemnne” or buds sejuirate from 
or become “ dis(X)ntinuous ” with the parent organism, it 
may be difficult (»r even impossible to say whether the 
process of “fission” or “gemmation” has been at work. 
A comparison of “fission” an<l “gemmation,” will, how- 
ever, readily bring to light the (‘ssential <litfen‘jicc iK'tweeii 
these two mode's of reju*o«lucti()n, relatively to th<* tbrms 
imuluced by either, 'fhos, in m<»st casi's nf “fission,” 
the (letsched jtortious simply recjuire thc^ ordinary process 
of “gnovth” to dev<‘lo]> tlu'iu into organisms, like those 
from whi<‘h lln-y were detached. W'hilst, in “gemma- 
tion,” the jinu'ess is more jairely and truly re])rodnetive, 
in that a more or less defined j>r<»cess of “ develojmieiit ” 
has to ln‘ gone thr<nigh ere the ])rimary form of tln^ hud 
becmnes trausibrnieil into a being, resembling that which 
gave it origin. 

The terms “produced” and “producing” zooitl, so 
frequently occur in considering the “ ast‘\nar' r<q>ro- 
tiuetive i)r<»cess(‘s, that it may be well to explain the 
meaning of these (‘xprt'ssions. Thus, when, as in the case 
of the Hydra (Fig. 7, 1), wc find an organism or “ zoohl ” 
giving origin to other “ zouids/’ which become detached 
or “discontinuous,” we term the first or parent “ zoilid,” 
the “ jnodneing,” and the others the “ }>roduced ” zvKtids. 
Tlien, where wt‘ have siu‘ct*s.sive serie.s or generations of 
“zoiiids,” we term each zoi»id of the first serii's a “proto- 
Zihiid ; ” those of the seeond are “ deuterozobids those 
of the. third, “ tritozobids,” and so on. 
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Lastly, it is to be borne in miiul tliat tlio parent or 
“ produ<*inj^ zoiiid ” may i>>ssess true scx\ial or repnv 
ductive organs, that Ls ovaria and sjunanaria ; and tlie 
“ produced zodids” may also devidop gt‘iierati> e organs — 
although it will be understood that both tlie jn-oduced ’’ 
and “producing zonids ” may as frerpiently be destitute of 
“sexual” rej>roductive jxnvers. nii'l be able in this latter 
instance to jnvMluce new f<»rm> by a ]H‘iu’ess of 

gemmation similar to that by wliieh they themselves 
were produced. 

We sliall ni»vv consider in oiuh r the pmcc'ses of “ tissioti ” 
and “ gcmmaticMi.” together witii st'veral ]ilicnomena, in 
which analogous rejmsluetivc plnises may be said to 
take part. 

Fission,” or simph* division of tlie body-substan(*e of 
an animal to form new, sejiarati*. anil gi iKaally imle- 
jiendent organisms, is seen typically in the casi' of the 
Act and (.'oral - poly j»es, in J 
(such as Aiu<rh(t)^ and in many othcn* forms. Thi‘ (lorab 
polypes and their allies exemplify for us the ‘‘continuous” 
form of “ tission.” In these organisms we find tlu‘ polypi's 
frequently dividing spontaneously, and in various ways, 
but usually by the viTtical division of the animal through 
its month, and downwards through its body ; the jnimary 
form being thus divided or separated into two distinct, 
yet connected and “ continuous ” organisms, which may 
in turn divide in like manner. The coniiiion Arfhn'n or 
Sea-Anemone, and allied specie.^, occasionally divide 
s|K.)ntaneously, and exhibit a result similar to that seen 
in their neigliboiirs the ( ‘oral polypes. And the procc-s 
of “fission” has been also observed in various members 
of the of which class the Fig. 7; is 

the tyfie. 

In J it/iisnria- (Figs, o, ’J'2, . ^^'e find many and most 

typical examjiles of “ discontinuous fission,” and also of 
the various modes in which it tuny be etfectiMl. Thus wc 
may, as in (Fig. '12, If), find it to be longi 

tudiual ; the flower-like head {a) of tliis form e.xliibiting 
a longitudinal cleavage (6), and finally, one half of this 
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cleft head falling off the stem (c d), and thereafter 
developing a new stalk, and assuming the perfect likeness 
of the parent-form (a). Transverse fission may also 
occur in InfLUHoria, as in Stentor, Nassula, etc. (Fig. 23, 1); 
whilst otlier species {Paramweium, Fig. 23, F, etc.), 
exemplify either or both of these modes of accomplishing 
fissiparous reproduction (Fig. 23, G, H, I). The idea 
tliat the reproductive organs of these animalcules — that 
is to say, tlie “nucleus and nucleolus” (Figs. 22, A, w, 
aud 23, Y, a 6), — take part in the process of “ fission,** 



A, l')iMfrr;uri of I'nriiuui r'niw, a faiiiiliiir ht/Kaormt! ft)nti : { c, (‘ontractili* 
vosicli's ; //. luu loiis aiiU nu.'lfolus ; o, iinmth ami nMliiiioiilary 
li, llronjt Ilf I'nrfitrlUr : tr<t, adult Vni’lif lltr ; ?». an aniiiialculc 
liiiiK 111 divide lissipariiusly ; r, furtln*!' sta^v of h, two heads being 
borne on the one stalk ; d, detaebed he:nl, furnished with eilia, and 
whi< h lor a time leads a loeoiiudive exist enee ; e, I'ortiula’, eonlriietoi 
on its stalk. 

docs not appear to be l)orne out or confirmctl by recent 
investigations. Since, as remarked by Grt'eiie, in some 
cases the division of tlie nucleus into two j tarts is not 
efiected until that of the body is nearly complete, or it 
may liappen th.at fissure of the nucleus is not j)articipated 
in by tlie body as a whole.’* The Rh{::opo(la represented 
by Amabit (P'igs. 1, aud 23, E), also exemplify the 
fissiiwous mode of reproduction ; ti “ pseiuloiiodiuin ” or 
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finger-like process of the body being, as seen in Fig. 23, 
E, frequently cast oft’ to assume all the functions of a 
new being. 

The process of “ geiumation ” or budding ” involves 
the consideration of more complicated j)heuomeii:i than 
those witnessed in the process of ‘‘ fission.” Gemination 
may be “ external ” or “ internal , ’ continuous” or “ dis- 
continuous.” The reproduction of lost and injureil mem- 
bers, so well exemplified in the ca;-e (d* Griistacca, Star- 
fishes, et(*., appears to be (‘IVccUmI )>y a proress analogous 
to that of biuhling. l>ut tluTc is no further connection or 
analogj^ than this mere idiaitity in kind, to lu drawn be- 
tween this re])ro<luction of lost parts and tlu‘ reproduce 
tion of true organisms or ‘‘ zoilids.” We fiiul many and 
excellent examples of “ gemmation ” amongst in^arly all 
classes or groups of ] nv^rtrhraie forms. Tlie J*roio::o(t 
exemplify the proce.ss in many interesting (‘xamples, and 
the Ftmuniuifcra may he ladd as illustrating the process 
very comidetely. These forms (Figs. 2 and 23) consist 
each of a little mass of ‘‘sarcodc” or ‘‘ protophusm,” 
which possesses the power of huilding up around its 
primitive body a similarly minute, calcareous, or limy 
“shell and through holes or foramina” in this shell 
the little “ j»seudopoilia ” <*r “false feet,” so well st‘(Ui in 
the Ama'bn (Fig. 1, (t />), an‘ protruded. A F>>ni)ifinifir 
simply consists of an Anio'l»a-body within a i>crforateil 
calcareous etiVclojK,* or shell. 

The F \fnunlfiihrif arc divisibh* into two great groui)s, 
according ius the sludl is single or many chambered. 
And the study of tla^ imu’plmlog’y of FirantiiuJ) nil forms 
luis shown us that the “ Multiloeular ” or mauy-chaml>ered 
shells were originally single-cJiamlM,*red (Fig. 23, A), and 
were jaoduced ea< h from a single-chambered form by a 
proc€‘8s of “continuous gemmation ;” that is, by the 
addition of new chambers biulded out from the primi- 
tive apartment. Thus we have various ty{)ical forms 
developed. If “ gemmation ” proceed in a straight line, 
we have the single-chamlKa*ed sliell converted into a 
multiloeular and linear structure (Fig. 23, B). Or if the 
new segments be successively larger tliau the older ones, 
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the shell will tend to become conical in shape (Fig. 23, C). 
And between .all the different chambers of a multilocular 
shell, wliatever its shape or size, there exist apertures of 
communication, so tliat the primitive “ sarcode ” is con- 



‘J.'i. Ii I |•sTU\■I IONS <ti' Fission anh « i^.MMA’iioN. 

A, Si'ct ion i.r Moiiol li;il;inioMs or *' sinol.* cliaiiilMTiMl " 'mi ft r. p, 

lioii of I’oh I Iial.itnoiis or “ ni:iiiy-rli.‘iuin>'n <i ’’ I'l.rnri 'i if i\ slno.-juj; tin 

]iroiiiici ion or a liin ar sovics oj' oqnal rli:nub« rs l>y nmnilion. Sec- 
tion oT luniiy eh iMilicriMl l-'in n in i h If i ( Mn i .li i, n! i im i n jilni mis), sli.iwintt 
tlio in M/f ol fin* sno< fssiv.* .•Inmilt' !s. ;>r> «luoin;»' Ky f:fiunia- 

tioji a spinil or coiin al slirll l>, llrlirojii or Mini! liki' .sln ll of h'lnvi- 
itiiiilfi r (aftrr l>y tin* roiliii;: >>1 iJn st L.'nn nts or fhain- 

Iti'is t<» f'onii a Hat, (’l(tst* s]iin*, tin* noils of \\ iiinli lie in one piano : n n, 
inlditional matorial thr.oMi onf to fill uj> tin- span,-'. Id twoni tin- sojita 
or partitions ; f> !>, inat« rial lillin;: up tin* j;aps h, t\\<‘nn tin* uliorls of 
tin* slirll (d, inti-rsi j'lal, ami h, inli‘rjj:yral spams), i;. Aiiin lni, uinl*-!- 
)'i»in^.' jiiiu'fss of lission : o, om* of tlio lin;r<'r liki* jiromsst s or “ j»s, u- 
<lop< <tlia ” .Irtanli,*.] t<' form an iinloprinlmt atthnak nl, . 
ciiiiii }iiir>ii} rill (Stoin) ilivi.liUfi transwrsrly ; a n, inn lt oli ; h, nurh-ns ; 

( r. n ntrai-tilo vrsirlos. (1. (,7io;<-oi;m .'iciiifiUnu.> ('Flufiihrrj,;) tlivitliii;: 
M'rtifjilly. 11, I •'.•roHio ninU*rpiiiig a sriauul )ii,>i« ss ■ f lission. 1, 
Ao.N>a/'f vntat'i (Klin'Til't‘r{;) dividing itself Fy transverse fission. 

tinuon.>> juid organitjally connected throughout the chani- 
In^rs of this curious dtnnicile. Then similarly we ciin 
conceive of s]>iral shells being fonnetl by the spiral 
airangcment of the budding segments (Fig. 23, D) ; and 
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other forms of sj^minetry may be developed «after ana- 
logous fasliions. The process is thus truly one of “ con- 
tinuous gemmation ; ” nor do I think tliat the recognition 
of the vegetative repetition of parts” can be so strongly 
insisted upon here, iiuvsinuch as the repeated })arts are 
not in most cjises so thoroughly alike the original seg- 
ments as is implied by the use of this term. Tlic budded 
segments are not ])crliaps to be regarded in tlie light of 
distinct zobids ; but in spite of these considerations the 
process of reproflnction known as “ eontimioiis gemma- 
tion” is exceedingly well exemjdified in tiu^se forms. 

Aimuig the f/o hutcraht. the e.ontinuoiis ” and "‘dis- 
eontiimons” forms of gemmation are well cxtMujditied. 
The Jlifih'ii, or <‘ommon Fre^li-AVatev l^)1ype ( Fig. 7. 1), 
in one phase of its reprodnetive proc(*ss (‘\eniplifi(\s ‘‘dis- 
eontinumis gemmation.” l)uring the wannei- months (»t’ 
the yi'ar we lind tin* Jlijilni to exhibit littK' bud-like 
]»rojoctious oil tlt(‘ sides of its body. As de\-elopment 
advauet's, a mouth and teiitaeh's are develi>p(“t| at tlie 
free or ‘•distal” extremity id* this little biid. and in dne 
(s)urse we are preseiiti'd with a little Ifihlro l)ii!lding from 
the side^ Ilf its )*:irent ( Fiu^ 7,1), to wliiili in eveiy 
r<*speet. sa\e per}ia[K in size, it bears a <'h»se ie.s< ndilance. 
Tlie parrllt ll{i<lri in sueb ;i case Wnllld Im‘ ti'rnied tlie 
produciiiM-," and (iu‘ young luiddcd oig.iiii>iii the “ pro 
duced ” / i.tid ; )n;- i])r ijarcni lln^ii'i i- ne rrly ;i '•/.o'.id'' 
r'iiiiilar to its “ gcii.niiparou- ” otlspring. I f w c ^appo-r i h-* 
panait Ihilri p* liavc bcSi prodnc<*d from an lOiini. tii.-if 
is by •• .■'•■xiia! ” I’lprndncii n. the parent \\i.ii!il, in ihi- 
latter ca-c. he >iinply a ••..■•oid;” .-in'-*- tin* z. .. ■ d 
“ indi\id’.!ar' w.-nld l*i- c.n-! itnicl i.y ila* par* nt Il\i!:a, 
together- with :dl the *' /..n»id.- ” wiiieii ini'jlil I'f pi'odnei i 
l)y •• gemniatioii ’’ from it. The ** foi;d re-nlt of H; 
ih'Velopmeiit of a ^inuli* o\am," im-hiding not tl- 
]»areiit Ihi'h-i aloin*. l.»ut all tin- ‘■/.•.'id'. ” wi.lih ,>pri'i. 
by ‘•gemmation” or oth.-rwi-e from ii. In tin* Ih ' -i 
the zi^bid' may I'om.dn eomiceteii to liio jiarent oi-ganiM!: 
fora period ot‘ greater or le■^s duration ; hut they in\'ari 
ably drop otf from the ** produeiieg zo.'id,” and seek a m-v. 
r 
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and independent existence. The primary buds to which 
the par(‘.nt or “ producing zodid ” gives'origin, may in turn, 
and whilst still (‘onnected to the parent organism, produce 
by budding a second generation or series of zoiiids ; and 
we may thus have three generations of Hydrcr connected 
togetlier for a longer or shorter period, but eventually 
becoming detached organisms. Such a combination 
illustratcis tln^ terminology applied to the successive 
series of “ zodids ; the parent zodid being the “ j)roto- 
zodid,” tlie primary buds the deuterozodids,” and the 
secondary series of buds the “ tritozodids.” 

In other members of the class Hydrozna, exemplified 
by the 8ea-firs ami their allies (Fig. 4, a /> c d), and in 
the Alidhfsca, r(i})rcscnted by the Sea-mats (Fig. fi), we 
find typical examjdes of ‘‘ continuous gemmation/' and 
of the “ coniiKmnd individual ” and its component 
“ zodids ” also. In most Ifydrazod we find tlu* branching 
tree-like organism to consist generally of a main stem and 
brancllt^s (bigs. 4 and 24, A), bearing numei’oiis little 
“ zodids ” (a (i)^ jiroduced from a primitive being by a pro- 
cess of “gemmation but which, imlike the “zodids” 
of the llydnt, remain ])ermaTiently attached together, to 
form tlie com})ound organism we know as the “ individual.” 

The Fliistra or Sea-mat (Fig. G, a) ex(nnpliti(‘s a simi- 
lar condition of ]>arts. In this organism we find tho 
little “ zodids ” enclosed in tiny cells (Fig. G, 6), the 
aggregation of such “ zo()ids ” — or “ polypides,” as they 
are termed in the case of the “ Sea-mats ” — making up 
the zoologi(*a] “ individual.” Like many of the Hydrozotd 
“individuals,” the (jompound organism of the “ Sea mat” 
springs by “ gemination ” from a single primitive “ poly- 
pide.” And in eacdi of the ])receding cases every “ zodid” 
may, rougldy sjieaking, ])rodiice true “ ova ” by “ sexual ” 
reproduction, and from these ova the compound “ indi- 
viduals ” will in turn be produced. 

Thesi‘ exaniiilcs may be deemed sufticiently illustrative 
of “external gemmation” in its two chief iis])ects. We 
may next, and very briefly, observe the phenomena inci- 
dental to the “ internal ” form of the same process. Such 
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a process is exeinpliiicd typically in the ciise of forms 
allied in nature to the “ Sea-mats/’ or rob/zoa, as they 
are collectively designated. These organisms ordinarily 
reproduce their sjiecaes by means of true ova, from which 
by gemmation " the com})ound organisms are developed. 
In connection with these forms, and chieHy by aid of the 
researches of Jh*oiessor Allman, a s('<.‘ond set of s»>-(!alled 
ova" lias been detected ; tln^se lattin* !»eing developed, 
not in the “ ovaria," but by budding from acorddike x^truc* 
ture, the “funiculus," which is attachc<l to the lower and 
posterior extremity of the stomach. Siuih “ ova " have 
been termed “winter ova" or “ statoblasts." These 
“ statoblasts " are enclosed in a curi<nis envelojie of 
corneous or horny texture, and apjicar to bt‘ contaiiuMl for 
a longer or shorter jicriod within the body-cavity of the 
organism. The “ winter ova " are liberated during the 
colder season of tlu^ year — and hence thcar name — by the 
death of the organism in which they were i>roduced, or 
by other means of escape : and from the fri'c “ statoblast " 
there issues in due course “a young f*objzodn, alri*ady in 
an advanced stage of development, and in all ijssiuitial 
respects resembling the adult individual in whose cell the 
statoblasts were produced ” (Allman). Such a form, wJieii 
thus liberated from its statoblast, gives rise, by “ con- 
tinuous gemmation," to the “ conpiound individual the 
separate “zodids” of wiiich will hi turn devcIo]» tluise 
“ statoblast ic " germs. 

At hrst sight, therefore, this would a})pear to he a 
case of “ diseoiitiiuious gemmation,” silicic we have the 
“ compound individual ” giving rise through its “ zodids " 
to single “ individuals," from which, again, the compound 
form is jirodiiced by budding. But Dr. Allman has show n 
that these “statoblasts" are not to l)c accounted true, 
ova, from the fact, that an “ ovarium " exists in each 
‘^zodid," and produces true ova independently of these 
“ statoblasts ; ” and also from the fact that these “ winter 
ova " do not exhibit or pass through the characteristic 
phases which invariably accompany the develoimieiit of 
true ova." Dr. Allman is therefore of opinion that 
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these peculiar bodies are to be regarded as intenial buds 
or “ gemnue ” in a state of cricystation, and which thus 
remain for a certain period in a “ quiescent or puj)a-li]co 
state.’* The value of such researches in aiding us to 
draw the very necessary, but not always patent dis- 
tinctions between (a) true ova, (h) separated or detached 
geiimim ” or “ buds,” and (c) attached buds, cjannot be 
too highly or over-estimated. 

Having thus investigated the nature of the typical 
forms of the re])rodnctive ])roce.ss, w{^ may next in 
order turn to tlie consideration of ceidaiii more compli- 
cated plienomena connected with the successive cycles or 
roprodiictiv(i ihases through which many forms pass in 
the course of their reproductive and developmeTital 
history. It is needless to remark that the signifi(*ance 
and Kdation of the terms individual ” and zooid ” 
must b(‘. clearly lunme in mind in such investigations ; 
since the (^x]»lanation of thcise and allied ]henoinona 
anionnts sinijdy to the tracir.g out of these two forms, in 
which an (entire organism may at onc(^, or interruptedly, 
make its a])])earaiice. 

Such cycles of the roj)rodiictivc proccjss may he ty])i- 
('ally witness('d in the case of most ]fif(h'o::ott^ in certain 
of the hnver jt/o//esT(/, in the Toinathi or tape-worms, 
and in allied forms. The tirst-mentioned grou]) will ex- 
('inydify the phenomena we are about to (h'seribe in the 
sinqh'st, and at tlu: same tiiiio most tyjiical, manner. 
With many forms of Jffidnant ev(‘ry seaside visitor will 
he familiar, and we have already had occasion to notice 
the general morj)liology of the giniq). The illustrations 
at Figs. 4 and 2-1 will serve lo imjnH'ss the essentijil 
features of a llydrohl Z(K»i)hyte on tlu* mind ; and avc thus 
obstn've that the organism presents ns with a. branching 
treo-like structures (Figs. 4, a c, and 24, A) growing from 
a fixed rotd-ed ])()int, and in every way 7*('sembling a 
■vegetal »le production. If \ve magnify a portion of such 
an organism (Figs. 4, h d, and 24, 1>), we find fhe branches 
bearing small cells, of varying form and size, in place of 
leaves or flowers. Each cell contains a tiny iuhahitaut 
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)r polypite ” as it is technically called (Fig. 24, B, a ) : 
ind with the knowledge that each “ poly })ite ” consists 
3f a soft tiibiihir body, terminating superiorly in a 
mouth and crown of tentacles (a), and communicating 
internally with the general cavity or interior of the 
branch on which it is borne, we shall possess a sufficiently 
clear idea of the essential features uf each little member 
of this strange commonwealth. For enrli “polypite” is 
exactly the counter|)art of all its luughbours, and although, 
in a manner, every member of the colony is iudei)endent 
of its fel low-beings, it yet contributes its share to the 
nutrition and sn|)]K)rt of the colony at large. Through 
the hollow connecting medium or “comosarc” ( Fig. 24, 
A, c c), which binds the members of this commonwealth 
together, a constant circulation of Iluid is kept u]). And 
to the current of this nutritive stream each ‘‘t^olypite” 
contril)ut(js its quota of elalMwated matter, ami in turn 
derives its nutriment from this eommoii source. The 
entire organism is thenTore nourished by tlu^ united 
efforts of its scmi-iiide])endeut members ; just as the loaves 
of the tree at once contribute to ami draw upon the 
general fund of nutriment, in tlie forniatioii and elal)ora- 
tion of which they all aid. 

A very brief consideration of such an organism will 
show us its iiioi'idiological ami physiological conijMisition. 
The entire Zoophyte is simply an “individual” <4 com- 
pound nature ; whilst its comj)oneiit members or “ poly- 
pites ” are “ z<iuids,” ]»r«Hluced by a ])r<>c(\ss of “ continuous 
gemmation ” from a. single and primitivi* embryonic form. 

A further and more detailed examination of th(! zoojdiyte, 
however, would reveal the fact tlnit, to all app(;arance, it 
could increase and extemi its growth simply by the j)ower 
of “ gcnmiatiou ” by which it was i)riniarily developed 
As tlie leaves of the tree fall and wither, so, in a manner, 
do the little “ polyi)itcs ” of the Hiiilncuon ; but the power 
of “ gemination ” amply suffices for the renewal of thc>(‘ 
disintegrated ]K)rtiuns, and thus new growths of th(‘.se 
little buds are continually taking place from tlie eommon 
medium or “ c(eiiosarc,” and fresh members are thus added 
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to the commonwealth to fill the place of those which have 
died or fallen away. 

We have thus ascertained that the ‘‘ individual ” in this 
case consists of numerous connected “ zodids,” which pei- 
fectly nourish the org^anism, and which are produced and 
renewed by gemmation.” 

If we now return to our present comi)arison of the zoo- 
phyte and the tree, we shall at once dieted a gap or break 
in tlie parallelism. We have provided for the growth 
and nutrition of the one “individual,” but not for the 
production of new “ individuals.” The zoophyte, as we 
have seen it, exhibits in its life the simple phenomena of 
growth, and notliing more — nutritive growth rui the one 
hand, and a reprod motive growth by gemmation on the 
other. But this latter form of the re]>rodu(dive ])rocoss 
is incompetent to pei'j)ctuate the speei(‘s. It is simply 
sutticieut to add to and extend the “ individual,” just as the 
leaves, root, stinn, and branches, extend the growth of the 
single tree. The tret^, however, possesses triu' re])roductiv(‘, 
as well as merely nutritive organs, and th(*se rcfaoductive 
organs we know as the flowers. From thos(^ flower-buds 
will in time arise the true sexual elements from which a 
new being or tree will s])ring. If the parallelism between 
the zoo]>hyte and the tr(‘e be perfe(;t, we will re(]uire to 
show that the foniier possesses buds or organs which will 
correspond in function to the flower-buds of tin? latter. 

In our previous and general examination, th(‘refore, we 
detected only one set of “zoiiids” or buds ; but our more 
minute examiiiation reveals a secmid set or series (Fig. 4, 
d; and 24, A B, h />),- — these hitter zofiids devoted not to the 
nutrition but to the rejwodiiction of the organism. Hence, 
in reality, our miniature commonwealth is com])Osed of two 
sets of members : thehyilroid “individual ” is constituted 
by a, double set of zodids. Collectively we designate all 
the nutritive zodids of the “ individual ” the “ tro]>hosome” 
(Fig. 24, A, a a ) ; whilst the reproductivi* zodids similarly 
make up tlie “ gonosome ” (Fig. 24, A, h b ; and B, h). 

The “individual” so formed is primarily, therefore, of 
a double nature ; the two series of zodids are essentially 



Fij;. 21. Jlr.ruoiuH Ti<»N of Hyihiozoa. 

A, Fort ion of IIk* “ liy'ln>.stnii;i ” or oiitiro or;;;nii.siii of ( 'nrdi/hiiihnrn htnis- 
tris (.Vlliii:m), ii.'ilural siz*' : <ia, mitritivc ]>nlvi>i1rs or zoojils ; hh, 
rcjtroiluf'liw zooi<ls or “ <;oiioj»|ion*.s ; ” re, (‘oiiiioci iiij-r iiM iliiiiti oi- 
“ oo-iiosarc.” J;. llraiicli of ro/v/j/Zo^i/jo/'o, jxrcal ly ina;.fiiirn il, .-^liowiii^T 
Ji nut riti V(.‘ zooi.l oj- ]»olypili* (a), an<l a roproductivf /ooul <.j •' ;j^oi)o 
]tlior(‘''f^ roiit.’iiiiin^ ova. l‘ortioii of Vdihimriiiif ,-<niini, i.:^iriiily 
liia;^oiil'u‘<i (:iflcr Jliiirks ; //.an or/Hiiary “ itolypilc ” with Icm.ulfH ; h, 
“ ^niiio/->.)i(ls,’' or vrproiluctiv/* zooids, in varion.s uta^os iivvfl/»|)- 
iin'iit : f , a j:ono/o.li(l fully /ivv/‘lo|M'«i, an<l on Ihi- jioinl of ilclarliing 
it.s«*lf; d, ( tniut-rViu^ cruat /»r ni**/linm of lliv i»olyj»it«‘s. I), I'hi' frc«f 
pmozooiil oi' “ .M i-ilijsoid ” nnl/ryo of l'ndiK<iriiin- nfi inn ((!). having 
(hdaclit il ifsclf fronj tin* ]»Iant-liko or^^^aiiisiij ; a a, swiinniin;^ hi II or 
“miilin lla;” //, nianiil»j-iiiin ; / /■ r, “ ra/liatiiio ” canals tonninatinj: in, 
and coniic/d**/! li.v, tin* “ ciroiilar ” canal (//) ; e, '‘veil" with it-ntral 
aperture ; / /, tcntJicle.s : //, <M-elIi ; h //, rep'r/Mlneti ve orj^tins. b'., " I’la, 
nula,” or ;^n-ncral form of tluj “ cinl»ryo ’’ <tf liyil ncuti.. 

fundamental })lan. Just as the flower and leafJntds of tiie 
tree difter in function, hut are iiiorpliolo; 3 dcally, and so lai 
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as their fundamental type is concerned, the same, so are 
the nutritive and reproductive zooids ” of the Hydrozoon 
primarily identical in structure, but, as we observe them, 
they differ in outward form, and present a wdde dissimi- 
larity of function. The nutritive zooids contribute to the 
nutrition of the entire organism, including also the; repro- 
ductive zooids, whilst these latter provide for the per- 
petuation of the organism, of which tliey tlins form an 
important part. 

If we now trace the further life-history of the zoophyte, 
we sliall find a curious se(iucncc of ]>hciiomeua bi‘ought 
under our notice. We have seen tlie nutritive phase of 
its exist(uic(;, and we next observe its rej)rotluctive cycle. 
Ill some eases we find tliat the “ gouozodids or “ gono- 
jiliores,” as the rejjroductive buds arc called, may remain 
permanently attached to the, organism (Figs. 4, d; and 
24, A, r>), and discliarge their conU'Uts — ‘U)va’' and 
“ s])ermatozoi»ids” — into the surrounding water; or 
more ty]>ically, and as in the case before us (Fig. 24, 
C, he), tlie “ gonozobids ” may remain comjmratively 
undevc]o]>ed wliilst attaclicd to tlie iiarent organism, and, 
only after di4aching and sejiarating themselves from it, 
do they mature the reproductive elements which it is 
their function to elaborate and develop. 

We thus find that, in the latter case, tlie gonozooid,” 
(Fig. 24, 0 //), having attained a certain development, 
liberates itself (c) from the “ectothec-a” or eiivelojio in 
which it is contained whilst attaclnal to the parent organ- 
ism, and tloats freely away in the sui rounding water, thus 
entering upon a completely new phase of existence. We 
now fiml the free and independent gonozobid (Fig. 24, 1);, 
exhibiting a form singularly unlike that of the being 
which gave it birth. Kor can avc feel surjirised, as we 
contemplate this beauteous form, that the older natural- 
ists should imagine it to be an organism sjKjcijiatlly dis- 
tinct iVoin the zoophyte, and that they assiguetl to it tin*, 
rank and ]hi(;e of a true “ individual.” now behold 
a delicate fragile form, consisting of a bell-shaped body, 
(Fig. 24, D, <r), composed of a clear crystalline jelly, which 
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is tinted, as it moves gracefiillj’' throiigli tlie water, with 
all the most betiutifiil of ecruleaii hues : a clear crystal- 
line dome, swimming through the sea by the alternate 
expansion and contraction of its bell-sliape(l body, or “ um- 
brella” (a), {IS it is technically called. And such ji form, 
in all its many varitdies, will familiar to every seaside 
visitor as the “jelly-fish,” or “ Ma-bluhher” — a 

being popularly accounted of distinct “ individual ” iden- 
tity, and as unlike the form from which it was derived as 
we could conceive iiny form to la*. 

This “medusoid” form, or fn*e “gonozoiiid ” — for we 
must not, in spitt^ of its altered form, lose sight or recol- 
lection of its origimd relati<ui with the zoo])hyte — ])(»ssesse8 
a structure also peculiar to itst'lf. If we compan* its body 
to a bell, we find a hollow central organ, known iis the 
manubrium,” depending, like the “clap])er” from the 
roof of the b(‘ll, into its interior (/>). At the free extre- 
mity of the ‘‘manubrium ” we find a month, whilst from 
its attached or upper end we observe a series of tubes or 
canals (c c c) to radijiU; from this central ])oint to the edges 
of the bell or “ umbrella,” where they open into a “ cinm- 
lar vessel” (d) which runs round the margin of the disc, 
and thus connects the “radiating canals” together. The 
“manubrium” is simply a modified “ ]»oly])it(i ” or nutri- 
tive “ zodid,” {ind the radiating system of canals snbserv(‘s 
the function of a dige^stive or cinadatory system, to dis- 
tribute throughout this strange economy tlui j)roducts of 
the digestive or nntrifive funrtion. 

The margin oi' tln^ “bell ” is provideil with a vaibible 
number of tentacles (/’/), at tin* leases of which, piiculiar 
little bodies of the nature of ]»igment-c(dls (7), with 
brightly coloured and contained ])artich;s, are situated. 
And {dong the imirgin, and l)etween tin* insc'rtioiis of the 
tentacles, we {dso find a numb(*r id simdl sriccular organs, 
containing little calcareous ornniiend jjjirticles, suspended 
in a clear fluid. To the former Ixulies, tlui function of 
sight has been {issigned, whilst the latter are generally 
believed to be aiulitory or hetiring organs ; but there 
appear to be reasonable grouinls for doubting the (!orrect- 
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ness of tliese ideas. Then, finally, we observe the open 
mouth of the bell below to be more or less completely 
closed by a delicate membrane termed the ‘‘ veil” (e); this 
membrane possessing a central aperture of variable size. 

So far the “ medusoid” zooid provides for its nutrition, 
and its further and still more characteristic development 
is marked by the appearance of the reproductive organs 
(h). These latter organs are developed at various stages 
of its existence ; this free Medusa in some cases possessing 
a generative apparatus before its detachnnmt from tluj 
zoophyte, and in other cases producing them only after 
a lengthened i)eriod has passed in its free state of exist- 
ence. But generally, and in either case, with the matu- 
rity of the generative organs, the nutritive emn-gies of 
the “ gonozobid ” seem to disa])pear ; and its existence 
usually terminates with the full development of its rej)ro- 
diictive system, and wnth the fulfilment of its ])eculiar 
and characteristic* function. 

And a no less curious series of phenomena than 
those? we have just traced, may yet be iHM‘(;eived in 
the lattcT history of the Medusa, Tlu^ true repro- 
ductive organs destined for the exercise of the “ sexual ” 
form of the j)rocess are dcveloj)cd b(?tween the walls 
of the “imuiubrium,” or in special sac-like struc- 
tures (h h) situated on tlic radiating canals. They con- 
sist either of the topical “ ovaria ” or of spermaria,” 
destined for, and cajjable of, reimxlucing a ne^v 1)eing by 
true “ sexual ” gemmation. But in addition to these 
reproductive organs destined for the performance of the 
sexual process, we fiinl that the “ gonozobid ” may ap- 
parently ernulab? the “ gemmative ” or “ budding ” tend- 
encies of its iwogenitor ; and, accordingly, we may observe 
it to produce “ medusoid buds,” which resemble their 
parent in every particular, and wdiich soon detach them- 
selves from the i)arent form, and j>roi)cl theuisi;lves in like 
manner through the water. And thus we may find that 
tlicse secondary Medusw will also develop true re})roduc- 
tive organs, and repeat the same cycle of existence 
through which their parent is destined to i)ass. 
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Finally, however, the process of sexual reproduction 
takes place in our Medusa’s liistory, that process (jonsist- 
ing in the escape from the parent body of tlie rij)e “ ova ” 
or ‘‘ spermatozooids,” and in the suhsequent ini])regnation 
and fecundation of the ova. The free “ goiiozooid ” or 
Medum may tlieri disintegrate and jiass out of existence, 
or it may die before the ova escapi* ; dt'veloped 

germs being liberated by the death of tiie oTganisin, and 
l)eing subseijueiitly fertilised. Or, lastly, may find 
the “ goiK)Zo«)id ” to undergo a “ndrograde develoj)- 
inent ” or “ nictainorphosis ” after the escii])e of the 
reproductive elements, in the <*ouvse of which it loses its 
clear cr^’stalliin' ap]>carance and characteristic form, 
shrivels up, and then dissolves away, and becmnes one 
with the water in which it so buoyantly swam, and to 
which, in the delicacy and transjaireiiccy of its guise, it 
bore so close a resemblamte. 

The ova, liberated by tlui de(‘ay of the “ gonozobid,” 
and subs(*(]uently fertilised, pass, firstly, through the 
primary stages of d(‘V(‘lo])inent common to all ova, and 
then appt'ar in the characteristic form of tin*. Jlydroid 
embryo — namely, as a ciliated, elongate<l, or ovoid body, 
known as the “planula” (Fig. 24, E). This embryo, 
at first free-swimming and ind(^p(*mleiit, at last fixes 
itself to some marine object, and fnan this simph^ form 
a primitive ‘‘ polypite ” is developed, which gives rise by 
subsequent and rajad ‘‘gemmation” to tin* branched tree- 
like zoopliyte with wliich the cycle b(*gan. Tiiis latter 
form will, in turn, iiroducc its “ z<K»i<ls,” nutritive and 
reproductive; the latter d(‘stined again to repi^at the 
curious cyc4(i through which their indirect ] U'o gen i tors 
have passed. 

Tracing in order tliese various stag(?s, for the sake id' 
impressing tlieni clearly on the mind, we find — 

(1.) The zoophytic “individual,” with its nutritive 
zobids (trophosome), and its rejirodnctive zobids (gono 
some), giving rise by the functional develojmnmt of its 
“ gonosome ” to 

(2.) The free “ gonozoiiid ” or Mtdum, wliich may 
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produce other free “ gonozodids ” by gemmation,” but 
which ultimately develops ‘‘ ova ” and “ spermaria,” 
through which impregnated ova are produced ; and these 
‘‘ ova ” in turn develop into 

(3.) The “ embryo ” or “ planula,” which finally gives 
rise by ‘‘gemmation” to the (1) zoophyte or doubly- 
compound “ individual ” with which the seri(\s began. 

How could we reconcile, at tJiis furtlier stage, the 
parallelism between the tree and the Hydrorami ? If we 
could supp(.)sc tliat the- tree detadied its tlower-buds, 
which should in turn jn'oduce winged seeds, and that 
these latter should finally give origin to new trees, we 
should construct a case analogous to that of the zoophyte 
and its rei)vodu(‘tion. 3'lie detached tlower-lnid would corre- 
spond to tlie lo(!omotive “ gonozobid,” and tla^ winged 
seed would be tlie analogue of th(‘- embryonic “ planula.” 

We need not trace any furtluT (Examples of the same 
kind, since they would all exhibit the sairni order of 
phenomena, slightly vaihul in the form or mode of exhi- 
bitioji. Our next consideration must be tliat of investi- 
gating th('- ndations of the various forms we have seen to 
take i»a.rt in the cy(!le of rejiroduction. 

The older naturalists, as alreatly remarked, explained 
tlie above series of n productive stages, by assigning to 
the zoophyte oii the one baud, and to the free Malnm or 
“ gonozoiiid ” on the other, the rank and position of true 
“ individuals.” And they further su]>posed that these “ in- 
dividuals ” were cajiabh* of mutually rej >roducing each other ; 
that is, that the one geiuMation, n'sulting from this mutual 
reproduction, “alternated ” Avitli the other generation. Or, 
in other words, that each “ individual ” becaiiK' alternately 
the parent and inogeiiy of the other. Thus the zoojJiyto 
might, firstly, be the iirogeiiitor of the Mcdam ; then the 
Medusa bccanio the progenitor of the zoophyte : the off- 
spring of each individual, to use the simile of Cdiainisso, 
‘resembled not the jiarent but the grand jiarei it.’ To 
this scries of plumomena, Steenstrup gave the name 
of “alternation of generations,” and he thus expresses 
himself regarding the chief ideas involved in tin* term : — 
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“ The fundamental idea ex])ressed by the words ^ alter- 
nation of generations * is the remarkable and till now 
inexplicable plienomenon of an animal producing an off- 
spring which at no time resemldes its parent ; but which, 
on the other hand, itself brings forth a progeny which 
returns in its form and nature to the jiarent animal, so 
tliat tlje maternal animal do<*s nnt meet with its resem- 
blance in its own brood, but in its descendants of the 
second, third, or fourth degree of generation.” 

Witli extended observation and improved means of 
resean^h, n'sulting in tlie m«»re correct a}>preciation of the 
terms “ individual” and “ zooid,” we now have reason to 
altogether dis])uteand deny tlie correctness of Steenstriijfs 
term, and of the ideas on which it is foundi'd. Tliere is 
but one “ individual ” concermul in th(‘ ])roc('ss, and the 
alternation is not one of ‘‘ gmierations.’' but one of true 
“.sexual ” reja'oduction with “ lission ” and “ gemmation.” 
The “individual” resulting from the “total develo])ment 
of a single ovum,” is embodied in the zoo]>hyt(‘ with its 
double series of zor»ids ; whilst “gemination” and 
“ fission ” ros})ectively alternate* with tlii^ ju’occss of sexual 
reproduction in the jinxlnction by budding, firstly, of tlu^ 
tree-like zoojdiyte, and. secimdly, in the detachment by 
fission from this latter of the mednsoid (‘inbryo or 
“gonozoiud.” This pnM-ess of altiTnation ndght Ix^ more 
clearly jx-rceived if w(‘ sn[)j)(Ksed that the “ goiiozfxiid ” 
gave origin to its ova witliout leaving tin* ]>a.rent organism. 
In such a ease (ex(un])litied hv certain Jfiiifncoa), tin? 
alternation would take ])lac(* witliout tin; sejiaration of 
the reprodu<;tiv(‘ elennmt as :i M'uhnni ; and thus we 
would have the zoojdiytic “individual” giving origin 
directly to inijiregnattMl (.►va, from wliich the “ indivi- 
dual ” would again directly hi^ r(‘j»ro(luc(‘d. 

The primary or “ })roto-zor»iiIs ” in this case are reine- 
sented in the “ gonosome ” and “ trophosoim; ” of the zoo - 
])hytic “individual;” tlie “ deuterozoiiids ” would l»e 
constitutc'd hy tlie Mahisn- or free “ gonozobids ; whilst 
if this latter form gave origin to the Mcidusoid buds 
which we have seen it capable of producing, these last 
would represent the “ tritozouids.” 
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We thus see tliat the former significance of the terra 
“ alternation of generations ” is coiiipletely altered in the 
face of these considerations. The entire series of alter- 
nating phenomena merely constitute the single and highly- 
individualised reproductive phase of one individual, and 
are not, in any sense, tlie alternations of one generation, 
or of one individual, with another generation, or with 
another distinct and specific form. Tlie reproductive 
phase es])ecially, and the nutritive phase also, are highly- 
specialised in such cases ; and the zoological “ indi- 
vidual ” may thus be exceedingly difficult of detection 
or recognition when tlie already coiipdicatcAl series of 
phenomena is still further and more highly special- 
ised. We might thus, without fear of contradicti«)n, talk 
of “alternation of zooids,” but not of “ generations ; ” 
and the term “ metagenesis” has been eni})loyed in lieu 
of Steenstrup’s name, as expressing a more (‘orrect idea 
of the nature of the included phenomena. 

Closely allii'd to the i>revious subject is that known as 
“ Partlienog(‘jiesis.” ]>y this term we express tlie occur- 
rence of a curious set of plienomena, ty])ically witnessed 
in tlie case of (pertain insects, and which ironsist in the 
})roduction, from the “ova” of an uniniprajuatcd or 
“ virgin ” female, of new beings or individuals — the ova 
in such a casi‘ undergoing development into new beings, 
without the aid and co-operation of the mal(‘ element. 
We have already seen that the true and essential part of 
“ sexual ” repruductioii is the union or contact of the male 
and female (dements ; and a series of phenomena, like 
the present, when first brought to light, excited, as might 
readily be supjjoscd, no small amount of surprise and 
speculation. By Professor Owen, however — to whom we 
are indebted for this term — the process of “ partheno- 
genesis ” is made to include the phenomena of “ gemma- 
tion ” and “ fission ; ” in which, from a “ virgin,” or, at 
any rate, an uiiimpregiiated individual, sindi as the 
zoophyte, a new series of beings , or “zobids,” is pro- 
duced by “ budding,” or by “ fission,” and certain of 
these “ zooids ” generally develop true “ sexual ” ele- 
ments. So that, widely applied, the term may even 
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include the j^rocess of “ metiigetiesis ” or “ alternation of 
generations.” But it is at once more convenient and 
correct to restrict the nanm “ parthenogenesis ” to the 
development from the “ova” of a “virgin” or uiiim- 
pregnated female of new beings or “ hid ivid mils,” which 
ova thus develop themselves, without contact with the 
“ spermatozodids ” of a male. 

Professor Owen’s exjdanation of the ]>honoincna of true 
“ parthenogenesis,” viewed in this lattia- sense, rests on 
the sup])osition that the original “ sjterniatie- fonic,” or 
essential male elements, are transmitted from generation 
to generation, and that this store of s])ermatie, elements 
suffices to im])regnatc the ova without fresh contact with 
a male. Or, use Owen’s own words, so much spermatic 
force is “ inherited by the retained g(‘rni-cells from the 
parent-cell or germ-vesicle as suffices to set on foot and 
maintain the same series of formative actions as those 
which constitut(.Ml the individual containing them.” And 
consistently with this (*()ntinued expenditure of the juani- 
mulatcd siktiii-ccHs, “ every successive generation, or stnies 
of spontaneous lissions, of the primary ini] )r(5gn;ited genu- 
cell, must weaken the Hi>ermatic force transmitted to such 
successive generations of cells.” 

Remembering the essential and invariable facts that 
“ sperm-ci^lls ” must originate from “ sjuTinarin,” and 
“ ova ” from “ ovai-ia,” and that both “ ova ” and “ s])cr- 
matozo()ids” must exhibit certain delined and constant 
characters, and pass through a series of detim'd changes 
or develoi)mental stages, we are iirepared to investigate 
these })ln*nomena, with some certainty of arriving at a 
correct id(;a of the process in virtue of which they 
originat(‘. 

The researches of Von Siebold on the reproduction of 
Bees, and of Bonnet on that of the Aphides or Idant- 
lice, have laid liefore us a vast store of lacts relative to 
the details of the “ parthenogenctic ” process. 

The Aphides or Plant-lice, which occur in such numbers 
on all our ordinary plants, i)roduce, in the autumn season, 
true im[>regnated ova, the result of the sexual contact of 
ordinary male and female Aphides. These impregnated 
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ova are generally deposited in the axils of the leaves or 
branches of plants, and lie without change or develop- 
ment tliroiigliout the winter season. In the following 
spring, however, these ova arc developed, and then the 
curious fact “is observed, that the resulting progeny does 
not include a siiigle 'tualv, but consists of wingless females, 
sexless beings or “ neuters.” These “ females ” produce 
young larvaj without sexual congress wdth a male ; and 
this second generation will in like manner, and with- 
out ini])regnation, ja’odiice sinjilar b(‘ing.s. And this 
succession of gema-ations of tliese “ fruitful virgins,” as 
they arc called, 7iiay be traced througli nine (Bonnet) 
and even eleven (Duvau) generations, without the birth, 
prcsen(;c, or intluenco of a male individual. Kyber is said 
to have observed the active exhibition of this princess of 
generation through a pei*i<Kl ext(?nding over four years, 
witho\it demonstrating the pr(‘senc(‘ i)f a single male. 

Towards the succeeding autumn, however, winged 
male individuals once more niak(^ tludr appearance in 
the last brood of these “ fruitful virgins ; ” and these 
co])ulat(^ witli their fcanale jieighbours, and so produce 
the feeiiiidated (‘ggs, from whi(‘h, in the succeeding si)ring, 
a new generation of feniah's will be developed to repeat 
the curious phenomcaia we hav(‘ just traced. 

In Ih^es, also, W(* find an analogous series of phases. 
Tims the “ hive ” is composed of three sets of individuals : 
the “ queen-bee ; ” “ drones,” or male bees ; and “ neuters,” 
or “ work(5rs,” wliicli latter are merely undeveloped or 
sterile lemales. The reiu'oductive life of the “hive” 
comnuaices by the “ queen ” taking her “ nuptial flight” 
into the air, in the cours(; of which she is impregnated 
by the “ drones ” or “ males.” Hie “ seminal fluid ” or 
male element is re(*eived into a sj>ecial sac or “ roc('])- 
tacle,” wdjich cojumunicates with the “ oviduct,” or duct 
of the ovariiun. This communication, however, between 
the ovarium and scmiinal receptacle, is under the control 
of the (lueen-bee, and can be opened or shut at wull. 

The cells in the “ hive ” having, by the indefatigable 
labours of the workers, been jmqiared, the “ queen ” begins 
to deposit the eggs. And in the process of egg-deposition 
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the characteristic kind of individual which is to result 
from the development of ea(*h egg is regulated by the 
contact or non-contact ■with tlie male fluid from the 
receptacle, to which each egg is subjected as it passes from 
the “ ovarium/’ and along tlie oviduct, to be deposited in 
its cell. Thus those eggs, from which ‘‘ queens ” or fertile 
females and workers are to be deY«'l;q)ed, Jire subjected to 
contact with the male fluid fr»>m the rec(q)tacle ; whilst 
those ova which are destined t(» give birth to ‘Slroncs” 
or males, arc allowed to be de]M>sited witlK)ut contact 
with the male element. This latter fact has been verified 
by Dzierzon, who found, that by permanently cutting off 
the communication between the seminal receptacle and 
oviduct, none but males or drones were prodin^ed. The 
queen bee is in all probability guided in this curious 
and wonderful process by the shape or size of the indi- 
vidual colls, in each of which an egg is to be dei)ositcd ; 
the three kinds of cells — workers, drones, and royal or 
female cells — being of difterent sizes and shapes. 

The subsequent sex or kin<l of individual which is to 
result fn>m the development of any given egg, is stated 
by some observers to be also de])end(mt on tln^ kind of 
food or nutriment upon which the “ larv;e ” are fed. The 
‘‘ova” and larvm, in this view, are of no sex, and the 
supposition takes origin from the fact that diften'iit hirvie 
are fed with different kinds of food. “ Royal food,” in 
this way, consists of a .s])ecial “ i)aste Avhilst the ordinary 
food is simply comjwsed of honey and the ])ollen of ])lants, • 
Leuckart, for exanijde, asccTtained tliat the efie(‘t of a 
worker being fed n])on “ royal food,” is to transform it, 
by the develoinnent of its reproductive organs, into a 
“queen” or “fertile female;” and Landois has also 
proved that an insulticient amount of food will ])roduoe a 
male, whilst plenty of nntriment will ])rodiice a finnale. 

After the due development of the eggs, deposited, as 
we have seen, by the “ cpieen bee,” tlie iiopulation of the 
hive liecomes so considerably aiigmenteil, that a por- 
tion of the coinmimity leaves the parental lioine as a 
“ swarm the old queen heading the exodus from her 
Q 
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former dominions. Another swarm, led by a daughter of 
the old queen, leaves in a short time after the first ; this 
second queen being impregnated in her flight through tlie 
air as in the case of the mother-queen. In this way, and 
by a similar process of reproduction and development, the 
reproductive interests of the bee -community are duly 
provided for. 

From such facts as these, therefore, the theory of pure 
“ parthenogenesis ” has been formed. What explanation 
can be given of the theory, or of the facts upon which it 
is based ? If we can consider the ova produced by the 
“ fruitful virgins ” of the Ap/adcs to be truly such, then 
the process of pure “ parthenogenesis ” is exemplified ; 
that is, virgin or unimpregnated females produce ova 
capable of giving rise to new beings witliout the presence 
of or contact with the male fluid. And Professor Owen’s 
view, firstly, that the original stock of spermatic force ” 
derived from the male Aphidefi in the autumn is trans- 
mitted from parent to oftspring through many genera- 
tions ; and secondly, that it sufiices to impregnate the 
ova of the dciscendants of those forms in which the sper- 
matic fluid was originally deposited, seems to account for 
the facts as they stand. In this view, therefore, we 
may either assume the existence of objective germ-cells 
— the transmission of the absolute male elements from 
female to female ; or, on the other hand, we may 
maintain the transmission of an abstract or subjective 
sperrnjitic force or principle, which may suffice for the 
impregnation of the ova. Considering that we do not 
know the essential principle of the seminal or spermatic 
fluid, and that we cannot argue against the existence of 
a subjective or abstract principle which may be trans- 
mitted from the objective and real elements, the theory 
of pure “ parthenogenesis ” on this ground lias somewhat 
of a definite nature ; although, at the same time, such a 
theory merely fits the facts as they Stand, and leaves the 
exact nature of the phenomena still a matter of doubt. 

But other authorities have denied that the ova produced 
by the virgin Aphides are true ova ; and they have accord- 



PARTHENOGENESIS. 


227 


ingly been termed ^^pseudova** or “ false ova,” and have 
been regarded as internal “gemmic” or “buds,” the 
“ pseudovum ” uniting in some way or other the proper- 
ties of an ovum and a bud. The process of “ partheno- 
genesis ’* in this view, therefore, includes the “ gemma- 
tive ” process also ; but the explanation so afforded does 
not coincide so perfectly with tlie facts of the case as the 
previous theory. The ideas implied in this latter process 
accord in some measure with the phenomena of “ alter- 
nation of generations ” or “ metagenesis.” The sexual 
insects, which give origin to the “ virgin females,” may 
thus be regarded as corresponding to the gonozodid of the 
zoophyte with its iisexual zodids ; whilst tlie ultimate 
origin from the virgin females of truly sexual forms will 
correspond to the production of th(5 sexual gonozodid — 
this latter once more giving origin to the iisexual zoophytic- 
stock. The successive series of “ virgin females,” in this 
view, are produced by intcnial budding, just m the gono- 
zodids ” are produced by (ixtenial gemmation and fission 
from the zoophyte, and as the sexual organs are in turn 
produced by internal gemmation from the “medusoid 
form.” 

Latterly these virgin females ” have been supposed to 
be hermaphrodite forms (Balbiani) ; that is, they are be- 
lieved to be individually jjrovided with male and female 
reproductive organs. If this view bii correijt — and further 
research seems necessary to confirm it — the whoh^ subject 
is much sim|)lificd iu its tu'dinary details ; but the adop- 
tion or confirmation of this latter view leaves us to 
account for the- regularly normal ami pericxliail production 
of hermaphrodite offspring from “ dioocdoiis ” parents, and 
in turn of dicecioiis lu’ogeny from “ monmcious ” parents. 

In the case of the bees, the “ drones ” may be considered 
as having been prodiicetl “ parthenogenctically ” from tlie 
queen bee ; since we have seen that the eggs from whirl i 
drones are develoj^ed arc invariably allowed to escape from 
the mother without being subjected to the influence of the 
male element. But the influence of food and situation 
may in other respects be more or less strongly determ i- 
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native of sex, and of the corresponding development or 
retardation of the reproductive system. The queen bee, 
viewed after the modification of Steenstmp’s theory, might 
be considered as possessed of the power both of true 
sexual and gemmiparous reproduction. Her ova may he 
considered as “buds,” capable of development to form 
either asexual or imperfectly sexual beings, or to produce 
truly sexual individuals ; these latter in turn again aid- 
ing to produce the characteristics of the being from which 
they were evolved. 

Finally, some authorities have sought to point out and 
found a constant reproductive law, based on the fact 
remarked in tlie opening of the chapter, that the pro- 
cesses of nutrition and reproduction are antagonistic 
or opposed to each other. Tliis law maintains ‘ that 
asexual modes of reproduction are merely forms of growth, 
and that the process, like that of typical nutrition, is 
an exliaustive process, culminating invariably in the pro- 
duction of the true sexual elements, by means of which 
latter the new individual is produced/ Tliis law, applying 
cliiefiy to the lower forms of life, is simply a generalisation 
of the reprodiuitive and nutritive cycles in the lower 
organisms. The growth of the zoophyte, for example, is 
raj)id and continuous ; active gemmation suffices for the 
constant repair of lost ])a.rts, and for tlie addition of new 
zouids. I^utrition is pcTformed in an equally active, and 
in every way admirable manner, by the countless tentacles 
and mouths of the “ ])olypites,” and by the incessant 
circulation throngli tlic connecting ccenosarc. But the 
nutritive cycle is not continiionsly perfect. It is broken 
in upon, and interru])ted by the reproductive phase ; and 
when the tme sexual elements are produced, the vitality 
of the organism becomes as a rule inii)aired. Its functions 
in the world of being have been duly i>erformed, and its 
life passes onwards through the rapidly succeeding stages 
of decline, and of ultimate extermination or death. So 
marvellously bound up together, and so harmoniously 
dependent upon each other, are these two chief functions 
of the living organism. 
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BevelopnioTit — Relations of RejnxMluetioii an. I Developnit^ii — Struc- 
ture of the Ovum in relati 'H to its Oevetopment ~ Primary 
Staple of the Developmental J’j'oeess — Fonnation of the Rlasto- 
tlerin — Community of First Stage ol Development — Von Baer’s 
Law of Development — fSeeoml Stage of Spe(naj Develoi)ment 
— Varieties of Ova-~Develo})ment as seen in the various Suh- 
kiiigdoms — Nature (d* the Proee.ss in I‘/-n(ozi)a — Third Htage of 
Develo[inient — “ Nutritive Development ” — Metamorphosis — 
“Retrograde” Develojnneiit and Metamor}>hosi.s. 

We liave already noticed, in considering the subject of 
reproduction, the earlier or prepanitory })hases and actions 
which mark the production of a new individual or being. 
We have thus been led to notice that, throughout the 
animal scries, the conditions under which the true sexual 
process of reproduction is effcct(?d, are juiinariJy and 
essentially the same. Tliese conditions are the contact 
of the ‘‘ ovum ” of the female with the “ spernnitozoids 
of the male, and the subsequent and successful fertilisa- 
tion of the germ, from which the iiiture lieing is evolved. 
The pro(;ess by whicli this evolution is accoiii] dished is 
investigated under our present subject, that of JkwJop- 
mentj which thus may be said to chronicle tlui jii'ogross 
of those after-chang(‘s in tin; ovum tliat take tiieir origin 
from the successful jicrformaiice of the rejiroductive act. 

And throughout the wide domain of physiological 
science there exists no subject of greatca* interest and 
importance than the present ; involving as it does the 
tracing of the primitive germ after its fecinidaticu 
through the various stages by which it gradually ad- 
vances from the faint exhibition of vitality to the full 
maturity of adult and independent existence. 

Our present aim will be most satisfactorily attained if 
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we direct our attention to the phenomena of development 
in the highest animal forms, and thereafter extend our 
knowledge in a brief generalisation of the process of 
development throughout the leading or primary groups of 
the animal series ; noticing, also, the various views which 
from time to time, and at various periods in scientific 
history, have been entertained respecting the chief points 
in the developmental process. 

The structure of the ovum, and the disposition of its 
coverings, have been already described ; but the essential 
points included in this description are worthy of being 
recapitulated in tlie present instance. Prior to impregna- 
tion, and as it lies in the “ovarium” or “ovary,” we 
find the ovum (Fig, 21, C) surrounded by the coverings 
derived from the “ ovisac ” or vesicle in which it is de- 
veloped and contained. Primarily, the ovum consists 
simply of the “ germinal vesicle ” and “ germinal spot” 
(Fig. 21, B, c (J). But gradually, and as development 
proceeds, we find the substance of the “yolk” or 
“ vitellus ” (b) to be formed around tlie primitive ger- 
minal centre ; and then, finally, the “ zona pellucida,” or 
“ vitellary membrane ” (a), a nearly structureless mem- 
brane surromiding and enclosing the other and more 
important parts of tlic ovum, is developed, and the 
esscTitial parts and structure of the egg are thus 
completed* 

It is, however, to be borne in mind, that the 
structure thus described, is charjlcteristic only of the 
“ ovarian ” ovum ; that is, of the ovum as it lies in the 
ovary, and before any changes consequent upon impregna- 
tion take ])lace. The parts thus enumerated, as already 
remarked in treating of re))roduction, are common to the 
ova of all animal forms. Of these essential and common 
parts, however, the germinal vesicle and germ-spot are 
those which constitute the most important structures of 
the ovum, and which consequently arc the seat of the 
important changes induced by the occurrence and j^rogress 
of the developmental process. 

To these primary and essential parts there are gener- 
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ally added, in the course of purely ovarian” development, 
various structures, partaking of the nature of coverings 
or envelopes to the ovum. The nature, number, and dis- 
position of these coverings vary greatly throughout the 
animal series ; indeed, the differences between tlie ova 
of different forms may be regarded as depending almost 
entirely upon the varied nature of the ovular envelopes. 
Thus we hud the ovum of Mammalia embedded in its 
“ Graiifian vesicle ” or “ ovisac,” wdiich is bounded exter- 
nally by an outer and inner tunic (Fig. 21, 0, g) ; whilst 
closely applied to the inner tunica we find a layer of cel- 
lular matter known as the granular meinl)ranc ” (/), 
which near the ovum becomes developed to form a cellular 
investment to it, known as the “discus p.voligerus ” or 
“ granular zone ” (d). And finally, imbedded within this 
latter structure, we find the ovum ((e) itself, occuj)ying a 
position generally near the external mtrfixeo or “peri- 
phery’'” of the ovisac. The ovisac, in common xvith a 
number of similar and neighbouring vesicles, is embedded 
in the general tissue or “ stroma ” (h) of the ovarium. 

In birds, we observe an illustration of the changes in 
the structure of an ovum, which a variation in the dis- 
position of its envelopes or (coverings may induce. The 
“ yolk ” of the Bird’s ovum is of large size wheti com- 
pared with the “ vitellus ” of the Mammal ; and the 
“ vitellary iiuanbrane ” is closely a])plied to the tunics of 
the “ovisac,” no intervening “granular membrane” or 
“ discus proligerus ” being found in the ovarian ovum of 
the Bird. The characteristic coverings of the ovum in 
this latter case an; formed and added to it in its d(;s(;ent 
through the oviduct. These coverings in the ovum of 
the Bird consist of the “albumen” or “white” of the 
egg ; of the shell ; and of the membranes pertaining to 
this latter structure. In their simplest form these latter 
parts constitute the “ chorion ” of the egg. 

In size ova vary greatly ; those of the highest animals 
being exceedingly minute ; whilst in Rejfiiles, Birds, 
Fishes, and in many lavcrtehrata, we find limits of size, 
extending from a considerable magnitude to a small or 
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even minute bulk. These remarks, however, apply chiefly 
to the envelopes and extrinsic parts of the ovum ; the 
essential parts, namely the “ germinal vesicle ” and “ ger- 
minal spot,” preserving a very constant uniformity of 
size and minuteness tliroughout the series. 

Eegarding the constant and unvarying occurrence of 
the elements of sexual reproduction throughout the entire 
animal series, there is now little reason to entertain any 
doubt. The earlier ideas entertained on this subject did 
not assume the presence, in the lower forms, of organs 
strictly homologous and analogous with the ovaria and 
spermaria of the higher members of the series ; but ex- 
tended generalisation and reseandi have fully proved in 
every instance, save in the Proiozoa, the presence of true 
reproductive elements. And even in the case of Protozoan 
forms, there appears reason to believe that they are not 
entirely destitute of imuins, whereby a process very 
nearly resembling that oi* true sexual reproduction may 
be performed. Modern research has demonstrated the 
existence in the Protozoa of a developmental process, 
which, so far as tlic mere exhibition of phenomena is 
concerned, appears to imitate and fulfil, in the closest 
mauiKT, the ascK'itaincd conditions and stages of develop- 
ment in higher forms. And if the “ nucleus ” and 
“ nucleolus ” of the Protozoa , — structures of almost in- 
variable occurrence throughout the sub-kingdom (Fig. 22, 
A, 'll ) — be considered equivalent to, and homologous with, 
the ovarium and spermarium of other animals, there can 
be little doubt that the phases of reproductive develop- 
ment witnessed in those lower flnms are essentially those 
in which, as true animal forms, we sljould ex])ect them 
to parti(;iijato. The (‘community of the j)rocess of develop- 
ment and reproduction, so far as all other animals 
are conci^rned, would tend to strengthen the belief and 
supposition that the Protozoa, in addition to the ascer- 
tained asexual modes of reproduction^ should also possess 
the u)eans for carrying on the truly sexual form of the 
process. 

The subject and phenomena of development admit 
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of a natural division into three successive groups or stages. 
The first of these divisions or stages includes those 
primary phenomena which are exhibited from the moment 
of impregnation, to the stage in development known as 
the “formation of the blastodermic membrane.” The 
second and succeeding stage may be conveniently con- 
sidered as including those })henoinena and actions which 
mark the evolution of the new being, from the first 
appearance of the si)ecial and characteristic features of 
tlie embryo to the termiiiatiini of embryonic life in its 
“birth,” when the period of development ])ro})er may be 
said to end. Tlie tliird stage or period includes the con- 
sideration of those ulterior changes, in form or structure, 
which the new being may undergo between the i)eriod of 
birth and the assumption or attainment of the adult, 
mature, and perfect form. This latter stage, therefore, 
embraces the investigation of the phenomena of “ nutri- 
tive develoj)inent ” or “ growth,” and may bo said in this 
way to be somewhat intermediate betw(^en the laocesses of 
reproduction and development on the one hand, and that 
of ordinary nutrition on the other. 

To the details included under each of tluiso three 
divisions we may devote such attention as the limits and 
nature of our present inquiries will allow ; siiuM* it must 
be borm; in mind that the present subject involves con- 
siderations of a highly technical nature, and which may 
more properly be considered as falling to the province of 
the comparative physiologist. Still it is necessary for 
the due information of the ])egiiiiier in zoological studies, 
that some general ideas on the subject of development 
should be obtained ; the clearer and better ajjjn eciation of 
many systematic points relating to this process being 
thereby greatly facilitated. 

The first or primary stage of the developmental pro(!ess 
extends from the time of impregnation of the ovum to 
the period of formatioji of tlie structure known as the 
“ blastodermic membrane,” or simidy Jis the “ blastoderm.” 
The changes and phenomena observed in this first stage 
are essentially the same in the development of the ova of 
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all animals ; and therefore, by gaining a correct idea of 
the primary process in any one animal form, we be- 
come acquainted with the essential changes which take 
place in the early development of the ovum of any other 
animal. A very remarkable community of type is thus cha- 
racteristic of animal development in its primaiy stages ; 
and this fact, to be presently exemplified, is particularly 
worthy of being borne in mind ; since its due recognition 
serves to refute and correct certain ideas and theories 
which formerly gave rise to much misconception regard- 
ing the entire subject of development. 

We thus become aware of the important fact, that the 
ovum of any vertebrate, mollusc, annul ose animal, 
coelenterate, — and in all probability of any protozobn 
also, — exhibits in its earlier development a series of 
changes exactly corresponding in. kind to those observed 
in the ovum belonging to any higher or lower type or 
sub-kingdom. The precursory jdienomcna observed in 
the ovum of the Mammal, in this way, correspond to 
those witnessed in the development of the Ca Unierate 
Molluscous, or of any otluir impregnated animal germ. 
Development in its earlier stages is thus essentially and 
invariably fieneral The changes therein observed are 
common to the entire animal series. Where differences 
exist, they are merely those of degree, and not of kind. 
Variations in the manner in which the plan of develop- 
ment may be executed, depending iqion slight structural 
modifications, either in the ovum or in the cireiimstances 
of its development, do not affect the primary and typical 
course through which that development in its early 
history must proceed. 

To tlie stages in(;luded in this first or primary develoi> 
ment the collective term of “ segmentation of the yolk ” 
has heeii applied. As implied by this term, the process 
chiefly affects the yolk mass ” or “ vitellus ” of the 
‘‘ ovum and it also includes in its extent the “ germinal 
vesicle’* and ‘‘germinal spot,” in which latter structures 
the essential parts of the ovum have been already re- 
marked to reside. 
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In the ovum of the mammal, after impregnation, the 
initiatory stages of development are ushered in by the 
disappearance of the “germinal vesicle” (Fig. 21, 0, c), 
and its contained ^‘germinal spot*” the place of the 



Fig. 25. Development ok Mamma man OvriM. 

A, First stage of segmentation of mammalian egg, showing its division into 
two halves. B, Sec^oml stage, in wliieh the two ])iiinaiT segment.s are 
divided to form four, C, More advaneed stage, in which the. j>rocess 
of division has pnalueed numerous se^gments. D, Complete .‘Pigmenta- 
tion of egg, known as the “ mulherrydike condition;” o (/, “zona 
pelhudda” or “ vitollary incmhrane.” K, I’rogre.ss of development us 
seen in ovum of dog (after nisehotf) : ft o, gorniinal memhrane ; 
area vaaculosa ; c, area i>ellucida ; d, dorstil lamina; ; e, jnimitivo 
groove, hounded hy the suh.stunee fn)m wliich the. c(;r(*hro-s]>iiial ner- 
vous system is formed. F, Further develojiiuent of F. (iiisehotf) : 
h, layers of genninal membrane; c, area vasi-ulo.sa ; tid, dor.sal 
laminie : e, placed on j>rimitive groove, showing at its ujiper iK)rtion n 
dilatation cvu’responding to the primitive divisions of tlie hraiii;//, 
vertebral plates or rudimentary vertebra;. 

primary vesicle or cell, according to the majority of com- 
petent opinions, lieing taken by another and newly-formed 
cell, also of minute structure, and to wliich the general 
name of “ einbiyo-cell ” has been given. This “ embryo- 
cell,” — so termed, because, from subsequent clianges in 
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its substance the future being ma}^ be said to be evolved 
— at first bears the same relation to the yolk ” as did 
the gcrm-vcsicle and spot. Around the “ embryo-cell ” 
the yolk speedily gathers, and then, by a process of 
“ cytogenesis ” or cell-multiplication, we find the embryo- 
cell and yolk to exhibit a process of cleavage, division, 
or segmentation. The entire contents of the ovum now 
begin to divide primarily into two parts (Fig. 25, A) ; 
these two i)riinitive segments soon resolves themselves 
into four (!>) ; the four become eight ; the eight sixteen ; 
and this process of successive and increasing multiplica- 
tion continues, with corresponding diminution in size of 
the segments, until we find th(‘. contents of the entire 
ovum finally presenting the ai)])earance i)rodiu;ed by 
the high degree of segmentation, and known as the 
‘‘mulberry-like” condition of the egg (C D). 

The “zona pcllucida” or “ vitellary membrane” 
(Fig. 25, 1) ij </), still encloses the “mulberry-mass,” 
and the next stage consists in the conversion of the 
segments of tliis mulberry-like cojidition into true cells 
by the formation around eacli segment of an outer 
envelope or cell-wall ; the included portion of the yolk 
forming the cell-contents, whilst the little segment itself 
occupies the [)osition of the central particle or “ nucleus.” 

These newly-formed cells, which thiis result from the 
segmentation of the yolk, now tend to arrange them- 
selves, as represented in Fig. 26, A, 6 h, around the 
external surface or periidiery of the yolk ; there to form 
a membrane or cellular structure of considerable thick- 
ness, lining the internal aspect of the “ vitellary mem- 
brane” (P^ig. 26, A, a a), and leaving the interior or 
central portion of the yolk filled with a clear albuminous 
liquid. Thus we find the ovum in its present stage to 
consist, firstly, of the outer and oi’igiual “vitellary- 
membrane ” (a «) ; secondly, of an inner membrane 
(h 6), formed by tlie aggregation, near the periphery of 
the yolk, of the primitive cells resulting from its segmen- 
tation, and variously known as the “germinal mem- 
brane,” “blastoderm,” or “blastodermic vesicle,” (Bis- 
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choff) ; whilst, lastly, we have the interior of the ovum 
occupied by the clear fluid already referred to. 

With the formation of the “blastoderm” or “ger- 
minal membrane,” the first stage of development may be 
said to terminate, and up to this point, therefore, the 
phases of devek)])ment tlirough which we have traced 



ri{?. iV), Uevelopmknt of Mammalian Ovoat. 

A, Formation of “ hlastodcnn ” or gorininal imnunram* (h h), after coniiiletc 
sogmcntatiou, and aiii earance of gerininul anai [f ) : n a, viltdlaiy 
ni(Mnl»ran<?. li, I’urtUer lievidopinent of ovum, showing vitcllary im*m- 
Itraiu* ((/), covered witli villosities, and constituting tin* “clmrion ; ” h, 
cutuTieous or serous layer of germinal memhrniie ; r, mucous layer of 
germinal membrane ; d, further developimuit of germinal aiea to form 
the embi-yonic mass; r*, elevation of serous layer to foian tlm dorsal 
lamiiiic, C, Hidation «>f tin* embryonic sacs ; a, iTiner layiu' of amnion, 
immediately investing the cnituyo [/] ; h, unibilicral vesicle with its 
vitelline duct (c) ; d, allantois ami its duct or “ urachus ” (e), which 
afterwards becouii*s tlie urinary bla*hlcr ; /, embryo. ('I'lie ligures arc 
pundy diagrammatic.,) 

the Mamnifilian ovum are cttminon in a greater or less 
degree to the ova of all other animals. The .succeed iiig 
series of clianges, tlie consideration of whicli b(^l(>ng.s to 
the second division of our .subject, commence witli the 
formation, at one point of the blastoderm, of an ojiaqne 
spot (Fig. 26, A c), known as the “germinal area” or 
“area germinutiva.” This “area” becomes the .seat of 
the more specaal phases of development, which the second 
division of the subject will lead us to consider. 

Whilst, therefore, the ova of all animals exemplify 
the same stages of development up to the period of mul- 
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berry-segmentation and formation of the blastoderm, the 
similarity or homogeneity of developmental phases stops 
short at this point ; and the development then assumes 
the ulterior phases characteristic of the particular type of 
being about to be evolved from the germ. Development 
U23 to the period of formation of the blastoderm is thus 
general to the entire animal series. After this period 
has been reached, the development becomes special ; 
and the succeeding progress of events tends still fur- 
ther to diflerentiate and identify the special and dis- 
tinctive features of the new individual. The process of 
development, may, in this way, be roughly compared to 
a journey made for a certain period of its extent along 
one single thoroughfare ; but this primary road may be 
supposed at a certain point to resolve itself into several 
paths, each of which leads from the common point of 
divergence, to terminate in a point very far removed 
from the ending of any of the other })aths. The common 
road corresponds to the primary process or earlier stages 
of development ; the common point of divergence repre- 
sents the stage of formation of the blastoderm ; and the 
diverging paths represent the various tracts or directions, 
that is, the various sub-kingdoms or types, the distinctive 
characters of which will be evolved by the subsequent 
progress of development. 

On the proper appreciation of these points depends 
the clear conception of Von Baer’s great law of develop- 
ment, the import of which lies in the enunciation of the 
principle we have just been enforcing — namely, that 
“ developinent proceeds from the general to the special,” 
or that ‘ the more special and characteristic features, 
progressively evolve themselves out of the more common 
and general.’ The true and full import and value of 
such a generalisation is best observed when we consider 
the erroneous nature of the views and theories which its 
discovery tended to suppress. Thus, it was formerly 
supposed, that — taking the case of the human embryo as 
an example — the ovum of man passed in its development 
through successive phases, each of which con*esponded to 
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the adult or permanent condition of the inferior types of 
structure seen in the animal series. Or, referring the 
case to its actual details, it was supposed that the human 
embryo in its earliest stage of development corresponded 
to the simple protoplasmic body of the Protozoan ; then 
as development proceeded, it wjis believed to evolve the 
features of the Cadenterate ; next a.j)])oarod the cliaracters 
of the Annulosc animal ; then it bei-anie like a Alollnsc, 
and finally evinced the characters of the )\:rfehrata, pass- 
ing ill its latter stages through tlie successive forms of 
the fish, reptile, bird, and then assuming the aspects of 
the mammal and of man. 

Such an idea is therefore embodied in Serres’ phase, 
that human development or organogenesis is a transitory 
comparative anatomy, as, in its turn, comparative anatomy 
is a fixed and permanent state of the organogenesis of 
man.” In other words, the human ovum in its de- 
velopment exhibited a moving or ])aiioramic view of 
the leading types of structure seen in the animal world ; 
whilst these types, in turn, presented us with fixecl 
views or stages of tlic progress of embryonic development 
in man. Such a theoiy, if proved to be true and worthy 
of belief, would materially tend to su])port and strengthen 
the hypotheses of evolution ; since tlui embryology of the 
human form would present us with evidence of the gradual 
evolution of the higher forms from lower types of struc- 
ture, substantiated and rejicated in the cycle of develop- 
ment itself. But clearer views of tlie l)eariiigs of mor- 
phology upon development have shown us that tlie 
fixed structural type of an organism becomes demonstrable 
at a very early period in its embryonic history ; tliat 
period corresponding to the formation of the “ blasto- 
derm ; ” and the evolution being thus not one of succes- 
sive types, but in reality of tlie one and particular type 
to which the ovum belongs, and of which, consequently, 
the future being will become a member. 

Thus the human embryo, immediately after the forma- 
tion of the blastoderm, evinces the specdal characters of 
the vertebrate type of structure alone; and the pro- 
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gress of development only tends the further to specialise 
the already fixed and distinct type, and to develop 
the characteristic features successively of the mammal 
and of man. Similarly with the ovum of the Fish, 
Amphibian, Reptile, or Bird. The vertebrate type, and 
no other, is first evinced after the point of divergence 
common to all ova has been reached; and thereafter 
development specialises itself most highly in the case 
of the Bird, next in the case of the Reptile, still 
less highly in the case of the Amphibian, and least 
highly of all in the case of the Fish. 

We thus see that not only is the type of structure to 
which any animal form belongs, distinctly specialised, in 
the first instance, but its exact place and rank in the 
type itself are further determined by the degree of 
specialisation to which development may proceed. The 
first ])hase or tendency of development is therefore a 
mor];)liologi(*al one, whilst its seeojid i)hase is as distinctly 
physiological. In tins way are the respective features 
of type, class, order, genus, and species, successively 
evolvetl. Hence, Von Baer’s generalisation marks a 
significant era in the progress of philosophical biology. 
It gave a fresh impetus to tlie progress of research into 
the phases of development throughout the entire animal 
series; and at the same time constituted a new and 
important test and aid for the furtlier generalisations 
and laws of morphology and physiology. 

The unity of type, as dis])layed by the process of 
develojnnent, is further exemplified by instances in 
which the adult and permanent condition of a form low 
in the type is represented by the early or embryonic 
stages of another animal belojiging to the same type or 
sul>kingdom, but of higher organisation than the former. 
Thus tlie young condition of a Crab, one of the higher 
CrudacAmts, resembles the pennanent condition of many 
of the lower Crustacea. And among , the Molhisca, we 
find the well-known example of the young condition of 
many Gasteropoda, representing the permanent and adult 
condition of the Pteropoda — ^the former class represented 
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by the Whelks, Snails, Sea-Lemons, etc. ; whilst the 
latter group embraces a number of forms of minute size, 
which swim on the surface of the sea by means of a pair 
of wing-like organs or fins.” 

Development, however, in the case of the crab becomes 
more highly specialised than in the case of the lower Cims- 
tacean. And, similarly, in the ty<istero}?inJa the process of 
development, wliich at one stage produced a form resem- 
bling the adult Ptaropod, continues beyond this stage, and 
eventually evolves a form of a much higher organisation 
than the last-mentioned animal. Nor has such a series of 
phenomena escaped the notice of the evolutionist, who, 
naturally enough, enlists these observations in the defence 
and 8ui)port of his theory. But the transient likeness of 
a higher form to the mature state of a being lower in the 
type or sub-kingdom is susceptible of exj)laiiation on the 
ground of mere unity of ty})e, and apart from any consi- 
derations respecting tlie common or connected origin of the 
forms. The likeness implies a morph ologicjal relationship 
apart from (picstions of origin or descent ; and the expla- 
nation of the evolutionist is as insulficicnt to account for 
such resemhlances as it is to explain why certain forms 
should evince a liigher degree of specialisation than others, 
or why, for that matter of it, a Vv.rtchrate ovum as yet 
unspecialised, should in one case tend, by development, to 
evolve the body of a fish, or, in another case, the form of 
a man. 

The consideration of tlie second of the three stages into 
which we divided the i>rucess of develoi)ment leads us to 
notice, in brief detail, the idienemena exemj>liti(!d in the 
production from the lu'imitive blastoderm of tlie character- 
istic embryonic form ; and of the subsecpient phases which 
culminate in the full development and liirth of the 
embryo. 

The first stage of development terminated with the 
formation of the blastoderm, and we had traced the pro- 
duction from the blastodermic surface of the “ area germi- 
nativa” or ‘^germinal area "(Fig. 2G, A, c), in the substance 
of which the form of the embryo first ajipears. The blas- 

K 
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toderm itself now becomes the seat of active change. We 
observe its rapid increase in thickness by the development 
of its cell-structures ; and finally we can trace its subdivi- 
sion into two distinct layers, each of which forms a pri- 
mary and formative tissue in the embryonic form. 

The outer or upper of these bljxstodermic layers is 
termed the serous,” cutaneous,” or animal ” layer 
(Fig. 26, B, h)^ since from this structure the rudiments 
of the vertebral column, the cerebro-spinal nervous axis, 
and the c}>idermis or general skin of tlic body are pro- 
duced. The inner layer is known as the “ mucous ” 
or “ vegetative ” layer (F'ig. 26, B, c r), and fj*om this 
latter the general textures of the alinnmtary or nutritive 
system ar(‘ formed. Latterly, and bi‘twecn these two pri- 
mitive layers, a third and intermediate layer is developed, 
and to this third structure the term “ vascular layer,” or 
“ vascular membrane,” is given ; the blood-vascular or cir- 
culatory ai)]uiratus, and other structures, being evolved 
from this ]>articular source. 

By th(‘ specialisation of these primary layers the entire 
embryonic form is ultimately ]>roduecd, but the changes 
that ensue on the formation of the blastoderm have their 
more immediate seat in the ‘‘ area germinativa,” which 
we have already seen to be formed in the substance of 
the “ germinal membrane ” (Fig. 26, A, c). Within the 
^‘germinal area” a clear spot is next observed to form. 
This lattei’ has, I’rom its ap})earance, been accordingly 
termed the “ area i)ellucida” (Fig. 25, E, c) ; and around 
the “ area iKdlucida ” the cells combine to form a mar- 
ginal border, known as the ‘‘ area vascidosa ” (Fig. 25, 
E, b). 

The serous ” and “ mucous ” layers of the germ both 
participate in the formation of these structures ; but it is 
in connection with the “ serous ” layer of the “ germinal 
area ” that the next jdnise of development is observed t> 
occur; this latter jdiase consisting in the formation o‘ 
the so-called “ i)rimitive groove ” or “ trace ” (Pig. 25 
E, e). By the primitive groove ” is meant the shallow 
groove (c) formed in the centre of the “ germinal area,' 
and which lies between two projecting ridges of the seroui 
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layer (Fig. 26, B, e c), known as the ^^laminio dorsales.” 
Gradually tliese ‘‘ laininse ” (Fig. 25, E, d) alter in form, 
and ill consequence change the conformation of tlie 
“ groove ” they enclose, until they finally become of an 
elliptical shape, and unite together, thus converting the 
shallow groove ” into a tube or canal. 

In the floor of the tube so formed the rudiments of the 
brain and spinal cord (Fig. 25, F, e) an^ next developed. 
Whilst beneath the floor of the tube the cnibiyonic struc- 
ture known as the “ notochord,” or “ chorda dorsalis ” 

e), is produced ; this latter structure being repla(;ed in 
greater part, and as the being advances towards maturity, 
by the vertebral column or spine. The first rudiments 
of the vertebral column itself make their app(‘arauce at 
this stage on the sides of the “primitive groove ” in the 
form of square-sha])ed cells (Fig. 25, F, / /), which arc 
known to the embryologist by the name of “ i>rimitive 
vertebnc.” 

The “ dorsal laminae,” therefore, form tlie uj)per or 
“neural” tube of tljc Vertebrate body, and from the 
“ lamiine dorsales ” other two jjrocesses, or “ v(‘ntral himi- 
ii2e,” are in turn produced downwards. And tlieso latter, 
uniting below in tlie middle line, fonii a second tul>e 
parallel with the first-formed or “ neural ” canal. This 
second tube constitutes the “ visceral ” tube of tlie Verte- 
brate body, and forms the thoracic and abdominal cavities 
of the future being. In tin; firimitivi* visceral cavity 
thus produced tli(‘ rudimentary digestive tract is de- 
veloped from the “mucous” layer, and the general out- 
line of the body may in this way be said to liave been 
sketched. 

In connection with these threes distinct layers of the 
germinal substance, of which the embryonic form is at first 
excliLsivcly composed, we have to notice three distinct 
“ sacs ” or “ vesicles,” whicli make their aipearance at an 
early stage of development, aiul which subserve each a 
special function in the embr}'onic economy. From the 
outer portion of the “ serous ” layca* of the embryo the 
first of these sacs takes origin. This sac or vesicle is of a 
double nature, the outer fold becoming continuous with 
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the ** vitellary membrane,” whilst tlie inner fold forms a 
protective sac, in which the embryo is contained. This 
serous sac is known as the “ amnion ” (Fig. 26, C, <r), 
and it secretes a fluid termed the ‘‘ amniotic fluid,” or 
“ liquor amnii,” in which the embryo (/) floats and is 
contained. 

The mucous layer, in turn, gives origin to the “ umbi- 
lical vesicle ” or “ yolk-sac ” (Fig. 26, 0, h) ; a structure 
which communicates with the abdominal cavity by means 
of a constricted neck-like portion, known as the “ vitelline 
duct ” (c). The “ umbilical vesicle ” contains the unal)- 
sorbed portion of the yolk or vitellus,” and contributes 
directly to the nutrition of the embiyonic form. 

Lastly, from the ‘‘ vascular ” or intermediate layer of the 
“ germinal membrane,” a third sac is developed, and to this 
latter vesicle the term “ allantois ” has been applied. The 
“ allantois” (Fig. 26, C, d) springs from the lower sur- 
face of the embryo, and communicates with the digestive 
tract, and with the rudimentary kidneys, or AVolffian 
bodies,” as they are termed. The function of the “ allan- 
tois ” is undoubtedly that of a respiratory organ, and in 
this capacity it serves to bring the blood of tlie embryo 
in contact witli the external air, thus providing for its 
due Jieration. In Birds the “ allantois ” assumes a large 
size and a high importance in the economy of the embryo. 
But in most Mammalia %ve find the “allantois” in con- 
nection with the “ chorion,” giving origin to a new and 
distinct structure, known as the “ placenta the latter 
organ assuming the functions wliicli formerly devolved 
ui>on the “ allantois ” itself. The portion of the “ allan- 
tois” contained within the abdominal cavity, together 
with its pedicle or “ urachus ” (<;), become finally con- 
verted, by the ])rocess of ulterior development, into the 
urinary bladder of the adult form. 

The last structure in connection with the purely em- 
bryonic a])pendages which may here be alluded to is that 
known as the “ chorion.” This term is ai)plied to the 
external envelopes of the embryo, constituted in chief 
by the idtimate development of the “ vitelline membrane 
of the germ.” The outer surface of the chorion ” at an 
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early stage of development becomes shaggy or villous in 
appearance, from the presence of a number of minute 
projections or tufts (Fig. 26, B, a). These tuft-like pro- 
cesses, or “ villi,” gradually become more complicated 
and branched, and appear to subserve the function of 
nutrition in its earliest phase, by absorbing from the 
maternal surfaces the fluids necessary for the sustenance 
of the embryo. And finally, in the Mammal, we find 
the “ allantois ” becoming associated witli the “ chorion,” 
to form the structure already alluded to under the name 
of the “ placenta ; on which latter organ the function of 
respiration, in the later stages of embryonic existence, 
chiefly, if not wholly, devolves. 

The tracing, from the primary tissues, of the after-deve- 
lopment of the various organs and systems of the body, 
falls to the provim^e of the comparative anatomist and 
physiologist ; and such an inquiry presents details of too 
technical a character for enumeration oi\descri})tion in the 
present work. The second stage progresses from these 
more general to more special developments, and termi- 
nates in the ‘‘birth” of the fully-develojKjd embryo; 
that is, with its evolution from the maternal surfai;es at 
a period when it is fitted to carry on the separate exist- 
ence of the individual. Embi^onic life thus ends, and 
individual existence begins. 

The period at which the birth of the embryo may take 
place varies greatly throughout the animal series, as also 
docs the entile duration of the developmental j)ro(;ess. 
The relationship between the parent -body and the em- 
bryonic form also varies widely throughout the animal 
creation. Thus, in the lower forms of animal life, the 
ova, in the majority of instances, are not only impreg 
nated external to the body, but the entire process of 
development is carried on in a manner entirely independ- 
ent of parental care. To this rule there are, among the 
lower forms, undoubted exceptions ; but the fact is, not- 
withstanding such exceptional cases, of the most generally 
applicable kind. In the lower forms we therefore find 
nothing approaching to that intimate connection between 
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parent and offspring which is witnessed among tlie higher 
Vertebrates. 

Tlie Vertehrata exhibit in turn wide differences in the 
process of development, so far at any rate as relates to 
the duration of the developmental period, and to the re- 
lation between the parent and the impregnated germ. 
Thus in the Fishes, as constituting the lowest class of the 
Vertebrate sub-kingdom, the ova are generally impreg- 
nated without the body, and the subsequent development 
of tlie fecundated germ also takes place indeiiendently of, 
and external to, the parent-organism. Those forms which 
thus produce eggs, from which tlie young are afterwards 
develojied, are known as “ oviparous ’* animals. Some 
fishes and certain rejitiles are “ ovo-viviparous ; ” that is, 
the eggs are retained witliin the parent-body until the 
young are ready to be produced or hatched. In Birds, 
we find the “ oviparous” mode of dcvtsloiinient united to 
a p(^culiar cxliibition of parental care, by means of which 
the eggs are liatclied tlirough the M\arnith of the parent- 
Viody. In tlie bird the jirocess of external development 
is carried out on tlio jiart of the parent to the same ex- 
tent that internal development is shared in by the parent 
among the Mauimalia. Impregnation in such cases, as 
also in the “ ovo-viviiiarous ” mode of develojniient, may, 
and generally does, take place within the liody of the 
parent, the ova being fertilised by the introduction within 
the female body of the male element. Lastly, in Mam- 
mallaj we find the “ viviparous ” mode ol* development 
exem])lifying.the highest form of relation between parent 
and embryo. Impregnation in this latter case is invari- 
ably internal, and the development of the ovum is also 
(jarried on within the maternal organism until the period 
of embryonic maturity is attained, when the new being 
is born alive into the world ; this last feature constituting 
the essential part of the “ viviparous ” form of develop- 
ment. In conformity with this high specialisation of 
the process, we find corresponding adaptations of struc- 
ture both ill the ovum and in the structure of the parent- 
organism; these adaptations contrasting in the most 
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striking manner with the analogous arrangements wit- 
nessed in lower forms. It is, however, peculiarly the 
province of the systematic zoologist to investigate the 
relative homologies and structure of the reproductive 
systems throughout the series of animal forms. 

Finally, it is to he borne in mind that the mere manner 
of impregnation, or mode of development, is of secondary 
importance so far as the recognition and (listincti(»n of the 
truly sexual ” form of the reproductive process is con- 
cerned. AVe have already seen that the essential part of 
this process consists in the mere contact of the sperm-cell 
of the male with the germ-cell of the femahi ; and it is 
therefore innnaterial to the pi‘rfonnanc(*. and constitution 
of the sexual reproductive ac.t whether the c(mtact or im- 
pregnation be etiected external or internal to the body, 
or whether dcveloimicnt be carried on without or within 
the parent-organism. The observation thus detailed will 
be found of value, since the relations between tlui pro- 
cesses of reproduction and development are exceedingly 
susceptibl(‘ of mistake and confusion. 

It has already Ixhui ])ointe<l out that the “ germ vesicle ” 
and germinal spot,” together with the yolk ” and 
‘‘ vitellary membrane,” constitute the essential parts of 
eveiy true ovum. And whilst this general statement is 
thoroughly correct, it is at the same time worthy of re- 
membrance that the n;lativc devcl()i)iu(ait of these, i)aits, 
botli before and after impregnation, varies gi(;atly 
throughout the animal series. The com])arative physi- 
ologist has accordingly been accaistomed to divide ova 
into three groat grou]>s, taking the relative development 
and transformation of the “yolk” as the basis of his 
classification. Thus the first group inclinh^s those ova in 
which the entire yolk becomes segmented in thi', j^h css 
of dev(‘lopmeiit ; and of this group the egg of the Mam- 
mal may be cited as a typical representative. The 
second group, typified by the egg of the l)ird, and by 
that of many Invertebrate forms, embraces those ova in 
\vhich only a portion of the yolk undergoes segmentation. 
Whilst the third group includes ova in which the pro- 
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cess of cleavage, relatively to the yolk, appears to vary 
greatly ; the results of segmentation being, in a certain 
degree, intermediate to those seen in the other two 
groups. The generally large size of the yolk in all 
classes of the animal series, save the Mammalia, has refer- 
ence to the peculiar mode of development of the lower 
forms. The yolk constitutes, in all save the Mammalia, 
the source of nutritive supply to the embryo, whilst in 
these higher forms the embryonic form is nourished 
directly from tlie*materiial tissues and fluids, — the large 
size, as well as the nutritive function of the yolk-mass, 
being thus rendered entirely useless in the Mammalian 
economy. 

In briefly tracing the progress of development through- 
out the great subdivisions of the animal series we have 
firstly to consider the Protozoa, as in all probability pre- 
senting us with the same series of primary stages of de- 
velopment that we observe in the other sub-kingdoms ; 
althougli fuiiher research is recpured ere we can make 
this statement Jis ojie of absolute certainty. Analogy 
alone would lead us, as previously remarked, to refer to 
the typical process of segmentation certain phenomena 
observed in the re])roductive processes of the Protozoa, 

Thus in Grotjarina, one of the lowest of Proto7:oan forms 



Fig. 27. Gregabiniiu. 

Development of Gregarina : a a, adult Gregarina ; &, encysted condition o) 
Grcgnrhm undergoing the reprodmdivo process, showing “ pseudona 
vied he,” contained within the cyst ; c, more iidvttneed stage of ft, th< 
septum or piuittion having disappeared; d, free “ pseudouavicellui 
esc,ai>ing from cyst (c) by its rupture. 

(Fig. 27, a a), we observe a series of phases in tlie cours 
of the reproductive process which very closely resemble 
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the stages of yolk segmentation in the ova of higher forms. 
Two Gregarinm may be observed to coalesce together — or 
the series of changes about to be described may take 
place ill a single individual — and the contained nucleus 
is observed to disappear. The organism now assumes a 
globular or spherical form, and ajipears to consist of a 
cyst-like body surrounded by a tbickoiied wall. Soon 
the interior of this cyst becomes divided, apparently by a 
process of segmentation, into a numl>er of spindle-shaped 
bodies {b c), to which the term “ pseiulonavicella) ” has 
been applied. By the subso(iuent rupture of the cyst, 
the “ pseudonavicellai ” escajie (d), and appear to require 
but little additional develoinnent to change them into 
the likeness of tnie Gregarinai, resembling in every way 
the organism from whii^h they sprang. 

In considering the aliove and similar plienomona there 
does not appear any insuperable difficulty or objection to 
the idea that a lowly-specialised form of tlie develoj)mental 
process of higher forms is therein repiesented. Analogy 
would thus seem to indicate that tlic Grcgarina, in its 
reproductive phase, assumes the fuiudious and form of a 
true ovum ; the contained nucleus and nucleolus corre- 
sponding to the germ- vesicle and germinal spot. The 
disappearance of the nucleus would aj)pear to represent 
tlic dissolution of tlie “ germinal vesicle wldlst the suc- 
ceeding process by which the iKseudonavicellai arc pro- 
duced might, and not inaptly, Ix) regiirded as (correspond- 
ing to the process of ovular segmentation. Tlie stage of 
rupture of the Gregarina cyst would similarly con-estK)nd 
to the formation of the blastoderm in the ordinary ovum ; 
the Protozoan develojnnent proceeding no fiuther than 
this stage, but resulting, in virtue of its low degree of 
specialisation, in the simple evolutiuii and production of 
the new beings. 

In other and higher Protozoa a similar, and, in some 
cases, a better marked series of pheiKunena has been 
observed. Although, therefore, it would be inadmissible 
and premature to assert that the sexual process of repro- 
duction and of ovular development is actually carried on 
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in the Protozoa, we are sufficiently justified in stating 
that tliere are strong reasons, analogical and otherwise, 
for assuming that the processes known and ascertained 
to be present without exception in the higher groups 
of animal life, should be at least represented in these 
humbler forms. We cannot expect, it is true, tliat the 
process in the Protozoa should be as highly specialised 
as in the higher types. Protozoan development cannot 
be Jissumed or expected to attain the degree of specialisa- 
tion evinced ])y that of the Cedenterale, anymore than the 
devcloj)ment of the Gmlentcrate could be expected to be 
of as complicated or advanced a nature as that of the 
Vertebrate. It would appear, however, that this expec- 
tation Inis led observers to overlook the actual details 
of the prO(;css as it occurs in the Protozoa; and accord- 
ingly we find the idea strongly promulgated that the 
process of sexual reproduction, and of consefjuent di^vcl- 
opmont, is entirely absent or wanting tliroiighout the 
lowest sub-kingdom or type of structure. But when 
we (‘arefully notice the actual phenomena, and also ob- 
serve the sequence in wliich these ]>lienomena a})i)ear, 
it must be allowed that they more nearly approach and 
imitate the process of true ovular development than any 
other process in the living organism. If, on the con- 
trary", we reject even the mere analogy of this process with 
that of ordinary ‘‘ ovular ” development, we necessarily 
place the Protozoa as unnatural ex(*eptions to the most 
general and universal of rules ; and, at the same time, 
leave the nature of the process observed in these forms 
entirely unexplained and unaccounted for. 

The higher and succeeding sub-kingdoms present us 
with the charaideristic phases of development we have 
already investigated. In the Coslenfcrata the primitive 
blastoderm, formed after the segmentation of the yolk, 
divides into the two typical layers, the inner or mucous,” 
and the outer or “ serous ” layer. Ccelenterate dcvelop- 
iiient, beyond mere consolidation and fixation of extenial 
form, proceeds no further than this. The inner layer 
of the primitive blastoderm goes to form the “ endoderm ” 
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of the perfect Coelenterate (Fig, 8, ?>), whilst the outer 
blastodermic layer develops into tlie “ectodenn” or 
outer tissue of the perfect orgaTiisni (Fig. 12, B, a h). 
There results, therefore, from this development, no special- 
isation of either neural or luemal centres, ami but a 
very imperfect development of the alimentary tract ; 
since we have already seen, in our definition of the 
Coilenf crate type (Fig. 12, 1»), that the stomaeli-sac or 
digestive cavity (e) of those forms communicates freely 
with the cavity of the body (/). 

The cavity f(»rinod in the early Cmlentin-ato embryo, 
after the separation of the blastodermic layers, corre- 
sponds to the somatic or body cavity of the perfec^t 
organism. The embryo would ap])ear to be develoj)eil 
generally from the greater portion of the fertilised ovum ; 
the initiatory stages of development being nsluMvd in by 
the division or segmentation of the germ-vesicle. The 
embryonic form usually aj)pcars as a freij-swimming 
ciliated body (Fig. 24, E), in the hisbuy of which the 
changes already described are soon manifested, and linally 
result ill the jirodnction of the now lioing. The ova in 
Cmlentcrata are further saiil to be, in the majority of in- 
stances, unprovided with a ‘‘ vitellary membrane.” 

So far, therefore, as (^a’lnif crate development proceeds, 
it appears to presmit but little advama^ u})on tlu^ phases 
seen in the rrotermt,. the devidopmental nature of which 
phases we have already suggested and advocated. I’he 
Proto::oini path, which diverges from the common ]>oint 
in the previously single dcv(.'lopmcntal roa<l, stojKS short 
at a very limited distance from the point of divergence ; 
whilst the (Jwtcnierate road ]>roceeds a little further, and 
leads us to more specialised detail. Jliit tlu^ fMenleratr 
path, in turn, stoi>s short of the tra(;ts loading to higher 
types of structure at a stage of its extent even earlim* 
than that at which the Prolo::oaa road ceases to bo com- 
parable with that of the Oi ienierate. 

In the AnmUosa^ after the segmentation of the ovum, 
we find the characteristic and special phase of develoj)- 
ment to result in the transverse division of the primitive 
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blastoderm ; the distinctive body-division of the annulose 
form being thus foreshadowed. The neural or nervous 
region becomes first developed, and the mouth soon comes 
to open on the lower or neural aspect of the body, towards 
which side tlie limbs are also turned. 

In the MoUusca^ the blastoderm is destitute of the 
definite scginciitation so typical of the preceding type, 
and the haemal or blood-vascular centres appear first in 
order of development. The mouth in this type of struc- 
ture also opens on the neural asj)ect of the body. 

Finally, in the Veriehrata, we have noticed that the 
appearance of the “ primitive groove,” with its dorsal and 
ventral laniiiue,” constitute the special features of Verte- 
brate development, as distinguished from that of all other 
forms ; the mouth in VerUbrata being developed on the 
Ineraal aspect of the body, towards which side of tlie body 
the limbs are directed. The neural region is first 
develojied in tlie evolution of the Vertebrate form. 

Tlie third stage into which the subject of Development 
may be dividcil has reference to certain processes or 
phases incidental to the early life of many organisms, 
whereby they undergo a secondary development, generally 
possessing a more or less intimate connection with the 
nutrition and growth of the individual, and with certain 
subseciuent and ulterior functions which the individual 
may called ujion to subserve. Viewed in this light, 
the third division of the subject may approjiriately be 
termed that of Nutritive Develoimient. 

The principal series of phenomena which fall to be 
considered under this third division are those included 
under the gencnil term of “ transfonnation ” or “ ineta- 
mor])hosis.” By this term we imply the series of changes 
through which an organism passes after its birth, and in 
its transition from the immature state in which it Avas pro- 
duced, to the attainment of the mature and adult form. 
The form which undergoes this metamorphic process is 
therefore produced or evolved from the egg in an immature 
state of development ; the secondary development which 
it undergoes roughly representing or corresponding to the 
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latter period of the developmental process, which, in ordi- 
nary cases, is carried on within the egg. The plieiiomena 
of metamorphosis ” are intimately associated with the 
process of nutrition, in that vre see these phenomena most 
fully exemplified in cases where, from rapidity of develop- 
ment, or from insufficient nutritive sui)ply on the part of 
the parent, or from both of these causes, the young form 
is prematurely introduced into the external world, in so 
far, at least, as its nutrition and growth are concerned. 
The process of “ metamorphosis ” also bears, as will be 
presently shown, a close connection with that of reproduc- 
tion ; inasmuch as the reproductive organs of the form 
thus prematurely produced partake of the im})erfect de^ 
velopmcnt common to the entire form ; and tliesc latter 
organs, during the process of nutritive development, attain 
their full perfection, and thus arrive at maturity only when 
the fully-mature state has been reached. Hence the form 
which is the subject of the metainori)hic jn'ocoss is gene- 
rally sexless ; or, if the reproductive organs be present, they 
are functionally useless. On the other hand, when the 
function of nutrition has been in a manner c.oncluded, and 
when the l »eing assumes its perfect and adult j)liaso of exist- 
ence, the reproductive function is then perfected and sub- 
served. The probationary period passed in the metamor- 
phic process is thus devoted to the assumption of those 
nutritive energies which the j>erformance of the rein’o- 
ductive function will tend to waste and dissipate. We 
here notice an illustration of the law alluded to when 
treating of reproduction, and which has been elucidated 
by Si)en(;*cr, Carj)entcr, and others — iiianudy, that the 
functions of nutrition and reproduction act aiitagonistiwxlly 
and in opposition to each other. 

As implied by the term “ mctamorjdiosis,” the imma- 
ture organism undergoes successive chang(is of form and 
structure ; these changes affecting not merely superficial 
organs and parts, but involving the deeper-seated struc- 
tures of the body. Although, therefore, the process of 
metamorphosis has been compared to the latter stages of 
ordinary development, the analogy between the cases is 
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by no means perfect or complete. Thus, in the course 
of ordinary development, we have new parts or organs 
added successively to tliose which were already formed ; 
these developed structures, with a few changes dei)cndeiit 
on the process of ordinary growth, remaining to form 
definite parts, not only of the embryo, but also of the 
adidt being. But in the metamorphic process we find 
that the embi^onic organs characteristic of one stage of 
the process generally disa])pear, and are replaced by new 
and totally diverse structures, morphologically, as well as 
functionally, different from those of the preceding stage. 
And the process thus involves more than that of ordinary 
development. It necessitates and implies almost complete 
change, Jiot only of external form, but also of internal 
structure ; the plnisos of ordinary development tending to 
produce merely new and stal.)le parts which do not alter, 
save in the i)ro(;esscs of nutrition and growth. 

Exampl(;s of the jn'oeess of “ metamorphosis ” are 
plentifully scattered throughout the Jnverichrate scries. 
Among the Auntdosa, A'lnuilo'uhi, and Mollami^ we find 
many illustrations of the process, the first-mentioned 
group probably presenting the greater number, and at 
the same time the most typical examples. 

A familiar illustration of the process of metamorphosis 
is witnessed in the development of the Butterflies and 
Moths (Fig. 'IS), or in th(‘. case of the Beetles. From 
the egg of the Butterfly comes forth a crawling grub or 
caterjnllar, knoAvn technically as the “Larva" [a). The 
preliminary stages of devclopnnmt have resulted in the 
production of this form, the structure of which is com- 
parable in detail to that of a highly-organised w^orin ; a 
creature this as unlike the perfect insect as coidd well be 
conceived. And as it resembles not the perfc(!t form in 
appearance, so neitlier has it any kinship with its life or 
habits. It possesses a mouth fitted for mastication, and 
a digestive system adapted for the elaboration of a dietary 
difierent from that of the perfect lorin. It is pr<jvided 
with six true legs, and also with a number of fleshy loco- 
motive appendages, known as “prolegs." And it is also 
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generally furnished with an organ for the production of 
silk-material, which is used in the latter stage of its larval 
existence, to form a cfise or “ cocoon ” for its body. 

The larval form, so constructed, spends its life wholly 
in the performance of the nutritive process. It eats 
voraciously, and usually increases enormously in bulk, 
changing its skin many times in the course of its exist- 



Fig. 2S. DEVliT.OPMKNT AN!) M ETAMOKPHUSIS. 

Metainorjiliosis i)f ilic- Swallow- tailed UntterHy Marhuon ) ; a, 

Larva or Cateritillar Fupa ; c, Imago, or j)eiTe('t form. 


ence, to meet the exigencies of increasing size, the 
process of moulting being known as tliat of eedysis ; ” 
and so rapidly does it grow, that at the teriniiiatiou of 
this ])eriod of existence it will genei’ally be h)und to liave 
increased very many times in size from its original 
dimensions. 

The larval stage is terminated by the jireparation of a 
case-like structure or “ cocoon,” which varies widely in 
form and nature, throughout the insect-class. And 
in this cocoon it proceeds to enclose its body, and 



256 


PRINCIPLES OF ZOOLOGY. 


thus enters upon the second period of its metamorphic 
existence. 

This second stage is known as that of the “ pupa ” or 
“chrysalis” (b). Viewed externally, the period would 
seem to be one of perfect quiescence, but changes of 
important extent are meanwhile proceeding within the 
pupa-case. The elements of the larval form are gradually 
being transformed into those of the adult. The masti- 
catory mouth is being altered to form a suctorial 
apparatus, adapted for the suction of flower-juices, instead 
of the trituration of leaves. The digestive, circulatory, 
and nervous systems also participate in the metamorphic 
process ; the reproductive organs similarly attain their 
perfect development ; the rudimentary legs of the larva 
are replaced by those of the adult ; the wings are now 
developed ; and at the fitting period the pupa-case 
ruptures, and a bright, new, and perfect form escapes 
therefrom. This perfect creature, exercising its new-born 
functions amid the sunlight and flowers, has been 
appropriately designated the “ imago ” (c), 

A cursory review of the phases thus briefly enumerated 
will divide the life of the insect-form into two great 
periods, wliicli may be respectively named the “nutri- 
tive ” and “ reproductive ” periods. The former is con- 
stituted by the period of metamorphosis, in which the 
whole energies of the form are devoted to its nutritive 
supply. Tlie reproductive stage is constituted by the 
life of the perfe(;t insect ; and during this period we find 
the energies of the being devoted to the active perpetua- 
tion of the sjjecies. And recognising this division of the 
periods of fun(;tional activity in the light of the remarks 
already- made when entering upon the subject of meta- 
morphosis, we lastly observe that the process of meta- 
moqdiosis is most fully exemplified in those cases wdiere 
the demands upon the reproductive energies are veiy 
great, and where the existence or nature of the perfect 
form is generally of an ephemeral kind. The life of the 
perfect insect is, as a rule, of but short and limited dura- 
tion ; and we find this relative arrangement of the nutri- 
tive and reproductive periods of its life forming a most 
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admirable illustration of the adaptive cycle, according to 
which the whole series of functions in the living organism 
operate and are arranged. 

Among the Crustacea, we find the crabs and other 
forms exemplifying the metamorphic process ; whilst 
among the Anunloida, as already noticed (Fig. 13), 
the Ei'hinodermata exemplify a kindred scries of d<wel op- 
mental phases. In the latter instance we observe the 
“provisional larva” of the EchiuodiTin, furnishing a 
structure out of the materials of whicli the i)erfect form 
is built u]) and (wolved. Such a phase, howc ver, exem- 
plifies the metamori)hoBis in a less perfect d(\gree than 
does the case of the insect ; tlie lai’val form of the 
Echinoderm being more truly of a j)rovision:il or tem- 
porary nature, and not possessing the same intimate 
relations with the perfect form as those borne by the 
larva of the insect to the adult “ imago.” 

The term “ retr<\grade ” or “ recurrent ” dev(*h)pmeut, 
is applied to certain cases of develoinncnt, in wliich we 
find the larval or embryonic form presenting us with a 
structure evidentPy^ superior to that st^en in tlu', adult 
and perfect organism ; the development of tln^ adult 
apparently retrogressing from that of the larva. Thus, 
among Crustacea, the Balaui or “ 8ea-aeorns,” and many 
allied forms, are free and locomotive in th(‘ir earlier 
stages, and are then provided with f>rgaus of 

sense, and locomotive organs, and are otii(u-wise adapted 
for an active existence. In their adult con(liti(Hi they 
become fixed and sessile, and are destitute oi’the organs 
of sense and appendages with which the embiyonic 
form was i)rovided. Tliis “ retrograde dcveloi)nient ” 
extends to all the structures of the l)ody «avc the re- 
productive organs, which are develop(5d in the adult 
form alone. In all probability the series of changes thus 
witnessed, and which are aj>parently so strange and in- 
explicable, have a close relationsliip with the repro- 
ductive or sexual phases of these forms ; although regard- 
ing the exact nature of such a relationship we jiussess 
no definite knowledge, 

B 
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The phenomena of “ retrograde development ” are also 
witnessed in cases of the conversion of healthy or normal 
tissues into diseased or abnormal textures ; the patho- 
logist, however, in such cases, being generally able 
to definitely determine the exciting or predisposing causes 
of the abnormal action. 

The term “ retrograde metamorphosis ” has been given 
to a series of changes which a form, in itself of transi- 
tional nature, may undergo after the performance of its 
particular function or functions. Thus in the case of 
the Medusoid embryo of Hydroid zoophytes (Fig. 24, D), 
we occasionally notice that, after the performance of its 
reproductive function, the Medusa loses its bright 
crystalline appearance, shrivels uj), and presents us with 
a form curiously altered from that in which we formerly 
beheld it ; and in this state it may continue for a 
longer or shorter ]>eriod prior to its dissolving away in 
the surrounding water. 

The terms retrograde metaniorphosis ” and “ retro- 
grade development” are frequently used as synonymous; 
but it a|)i)ears to be more consisteiit with a correct 
rendering of their significance and relative meaning to 
distinguish between these terms. We should thus limit 
the term “retrograde development’^ to the distinction 
of phenomena, in which forms tis adults, evince a retro- 
gression in development from that seen in their em- 
bryonic state ; the phrase being thus api)lied to organisms 
possessing a fixed, or at any rate more than a merely 
transitional nature. Thus the young llalanus or Epizoon 
is a form of distinct entity undergoing development. 
And similarly the exju’ession “ retrograde metamor- 
phosis ” should be limited to identify conditions, in which 
a form, in itself of merely transitoiy nature, exemplifies a 
retrogression. The retrogression in the Medusa is thus 
one not of “development,” but merely of “metamor- 
phosis ; ” the metamorijhic retrogression in this latter 
case merely presaging the final dissolution of the transi- 
tory form. 
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The cotiHideration of the subjects of I)eveIoi)inent and 
Reproduction has tauglit us, or led us to believe, that 
the pre-existence of a parent-form, or of seeds or germs, 
is, in ordinary circumstances, iiecessaiy for the produc- 
tion of new beings or organisms. In other words, we 
naturally infer that existing forms of life liave been 
derived, or have taken origin, from pre-existing forms. 
And such an inference is justified ])y the ordinary 
sequence of re])rodiictive jdienomeiia observaul in both 
animal and plant worlds. Yet we have already seen that 
the paths of biological inquiry are beset with many and 
strange difticulties ; and we liavc also witnessed the dis- 
placement and contradiction of many tlieories and beliefs, 
at one time quite as surely fixed, and a])|)arently as 
w^orthy of su|)port, as the natural and justifiable sup|)osi- 
tion that a living form must have had a pre-existing jiro- 
geiiitor, in most eases, resembling itself. 

The doctrine of “ Heterogeuesis ” or “ »S])ontaneons 
Generation,” however, maintains tlie occurrence of the 
production of living beings de novo ; that is, without the 
pre-existeiice of parent-i'orms, germs, or seeds. The sub- 
ject before us is therefore one which possesses a great 
interest for the biological student, and which, in a work 
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The series of changes and events thus described must 
be borne in remembrance, since they constitute a typical 
case for the illustration and explanation of the doctrines, 
in the consideration of which we are engaged. And the 
phenomena thus witnessed would therefore appear to 
partake of the nature of those phases which have been 
already noticed in discussing the “ molecular ” origin of 
the tissues and cell-structures. By the advocates of the 
molecular theory of organisation,” the organic and 
vital molecules found in the infusion are accordingly 
considered capable of gradual aggregation in various 
ways to form living organisms ; whicli latter, thus pro- 
duced by the coalescence of the molecules, are said to 
arise “ spontaneously ” or by a process of “ abiogenesis,” 
that is without the intervention or presence of true ova, 
germs, or spores, derived from pre-existing forms. Other 
supporters of the doctrines and tenets of ‘‘ abiogenesis,” 
without recognising or binding themselves to accept the 
conditions offered by this “ molecular theory,” find a 
sufficient explanation for the origin of living organisms in 
a fluid infusion of organic matter, in the siij)position that 
the living forms are produced “ spontaneoiusly ; ” or simply 
by the combination, in virtue of chemico-physical condi- 
tions and laws, of the dead, lifeless, and inert particles 
held susi)ended in the infusion. And this latter hypo- 
thesis will be readily recognised as allied in kind to those 
physical theories of tlie origin of life and vitality which 
we discussed at the coinineucement of our biological 
studies. 

Such is a statement of the leading and essential ideas 
included in the doctrine of “ abiogenesis ; ” or, as it was 
known to the older biologists, the doctrine of ‘‘spon- 
taneous generation.” The present aspect of the “ molecular 
theory,” it must be borne in mind, is not at all analogous 
to that in which we considered it, as relating to the 
ultimate constituents of textures and tissues. Since, in 
regarding the origin from a “ molecular bioplasm ” of cells 
and tissues, we assume the existAice of a special force and 
conditions; the force being that of ordinary vitality, and 
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the conditions those of ordinaiy development. To assume, 
therefore, the power of molecules to spontaneously coa- 
lesce to form organic beings of definite form and organi- 
sation, is to place the “ molecular theory ” on a widely 
different footing from tliat in wliioh we regard it as 
materially serving to explain the formation of cells and 
tissues after the process of development has been inaugu- 
rated and begun. In the one case we assume the pre- 
existence of a vital power determined by the ascertained 
ex)nditions of development. In the other w'e regard the 
molecules as of themselves cajiable of producing and 
inaugurating the vital ae>tion, and of building up, in a 
manner utterly inconsistent with any known laws of 
development, the definite forms of living organisms. 

As might readily be expected, the supporters of “ Abio- 
genesis ” have not had the field of controversy entirely or 
at all to themselves. On the contrary, they have been 
hotly and strenuously opposed by a second school of bio- 
logists, whose leading doctrine, in opposition to that of 
Abiogenesis,” has received the names of “ Biogenesis ” and 
“ Homogenesis whilst the supporters of this latter theory 
have also been o(K*asi()nally known as “ ranspermatists.’* 

The doctrine of “ Biogenesis,” in contradistinetiim to 
that of “ Ahiogeiiesis,” may therefore be said to rest 
upon the belief and opinion that the living orgonisins 
found in infusions are j)ruduccd from true ova, giTins, 
or seeds borne by the atmosphere, or contained in the 
organic matter of the infusion. These germs or seeds, in 
either case, find in the infusion a suitable nuulium, and 
therein develop into the characteristic forms of life, of 
which they are the early re[)re.sentatives. The infusion 
is to the floating or contained germs what the soil is to 
the seed ; and the contact of one with the other consti- 
tutes the necessary (jondition for developing the seed or 
germ into an adult form. 

The main features of this latter theory will doubtless 
be familiar to many readers under the more ordinary 
designation of the “ Gerjn Theory.” The essential tenets 
of the “ biogenesist ” are therefore, firstly, the production 
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of living forms, invariably and solely from pre-existing 
forms, or mediately through ova, germs, or seeds ; and 
secondly, tlie presence of such germs in tlie atmosphere 
and in solutions of organic matter. The other subsidiary 
conditions required and maintained by the doctrine of 
“ Biogenesis ” briefly consist in the preservation of the 
vitality of such germs, under circumstances which would 
destroy the vitality of ordinary and more highly organised 
forms of life. Such circumstances are exenqdified in the 
degrees of extreme heat and cold, to which it is believed 
these germs may be subjected without destroying their 
vit‘"^’*-y, which is thus of a peculiarly “potential” or 
“ dMi'iiiant ” hind. 

kSuch ueiug the respective tenets of each of these 
great bjvdogu'al doctrines, we may now briefly traco the 
historical progress of the ])resent subject, with the- view 
of ])la iug ourselves in a lit position to arrive at some 
clear vv)uc(*pti<ui of the relative merits of each theory. 

The (o(?triiie of “ A biogenesis ” claims the priority 
over that of “ Biogenesis ” iii point of age and historical 
or chronological ])re-eminence. The ancients were strict 
“ abiogenesists,” in that they explained the production 
of living beings from putrefying organic material, by 
alleging and believing that they were g(aierated by the 
decom[)ositioii and decay of the organic matter ; or more 
simply, that life and living forms were produced dc novo 
from dead or from truly inorganit^ material. The circuin- 
stances in which this belief originated were of the most 
natural description ; and the explanation of the origin of 
living beings thus given aj)peared to fit accurately with 
these circumstaii(;es, and to leave no room for further argu- 
ment or controversy regarding them. Thus, for the very 
typical and oft-referred-to case of the production of mag- 
gots in putrefying meat, the ancients, and even philo- 
sophers Jit the beginning of the seventeenth century, had 
a very ready and ai)ijarently exhaustive explanation. The 
maggots were supposed to be generated or produced from 
and by the sim})le decomposition of the decaying flesh ; 
in other words, they were believed to be “ spontaneously” 
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generated by the putrefiictive process in the meat. And 
we thus observe that the doctrine of abiogenesis, in its 
earlier tispects, did not solely concern tlie production of 
such low forms of life as mere Infusoria and allied organ- 
isms. On the contrary, animals so higli in the scale of 
being as insects, and even forms of a higlier grade still, 
were lielievcd to be occasionally, and in this way “ si)on- 
taneoiisly,” prodm^ed. 

In 1<)38 tlie doctrine of Abiogencsis may be said to 
have received its first ch(‘ck, when the ('xi^eriinents of 
Franc(‘sco Rcdi, a Florentine pliysichin, demonstrated 
that ihere were other, simpha*, and better explanations of 
the appearance of m.aggots in iut‘at rlian tho siip}>osition 
of their “ s]M»ntaneous ” geiieratioti. Kedi, directing his 
attenthm to the ap[)areutly solid facts on which tho (hn*- 
trine wjis founded, soon saw cause to <lispute the varahty 
botJi of the theory and of the cir(*unistanc<^s from whicli 
it took origin, llcferrhig to thi^ generation of maggots 
in meat, he sliowed that, by phu ‘.ig gaii/.t* over th(^ m< it, 
the development of the maggots was prevented, although 
the jirocess of meat-corruption wamt on as htdore. It 
Wiis obvious, therefore, that the gauz(‘ kejit l)aek from 
ihc meat a something which formerly had fr(H> access to 
it and ordinary ohservation soon detected tliat this 
‘‘ sometliing” consisted merely in the eggs of fiii-s, which 
were di‘i>osited in the )nitref\iiig material, and which 
gave rise, liy a jaocess of ordinary devidopment, firstly to 
maggots, and tinally to the mature foi nis or Hies. The 
production of galls” anil other vegetable growths was 
accounted for by Kedi in a similar manner ; and, primi- 
tively simple though the juethod of his exjieriments may 
appear to be, it is nevertheless closely and essentially 
pursued by the experimentalists of modern times. 

As might be expected, Kedi’s refutation of the ‘‘ abio- 
genetic” doctrine causcil no little consternation and dis- 
may among the supporters of that theory. The refutation 
of a doctrine apparently so incontrovertible and so firmly 
rooted, served to change and alter in the most remarkable 
manner the current of opinion regarding ahiogeuesis ; the 
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overthrow of the latter theory serving at once to found 
and establish the rival hypothesis of “ biogenesis. And 
the motto and dictum of Redi, “ omne vivum ex vivo,’* 
was therefore considered as the triumphant expression 
of a newly found and universally correct law. Whilst the 
aphorism of Harvey, “ omne vivum ex ovo,” more nar- 
rowly limits and defines the belief of the biogenesists — 
essentially the same in these days as it was at the birth 
of their doctrine — the production of life and of living 
beings only from pre-existing life, and most generally from 
the ova, seeds, or germs, of pre-existent and parental forms. 
Life and vitality are invariably propagated by true 
descent, and are never specdally produced or created de 
novo. Such were and are still the tenets of “ biogenesis,’’ 
a doctrine which for nearly an entire century after Redi’s 
time held the position formerly occupied by the rival and 
opposing theory. 

Meanwhile the growing perfection of the microscope, 
and the investigation of the lower forms of life, which in 
Redi’s time were almost totally unknown, and the further 
knowledge of the jn-oduction of Inf usoria and allied organ- 
isms in artificially-prepared infusions, stimulated anew the 
flagging energi(^s of the abiogenesists. The next cham- 
pions of this latter cause who appear before us are Need- 
ham and Buffoii ; who, after due exf)erimental investiga- 
tion, declared themselves as convinced of the truth of the 
doctrine of abiogenesis. The ex})eriments of Needham, 
made in 1745, were conducted after the same method as 
those of Redi, but, at the same time, they more nearly 
and fully approach the details of the modern experi- 
mentalist. 

The efforts of Needham were accordingly directed to 
the investigation of the conditions under which Infusoria 
and allied forms could be produced and propagated. If 
the Infusoria appear in infusions as the result of the de- 
velopment of germs or ova, these latter, he concluded, 
must be present in the infusion, or be borne by the atmo- 
sphere. And, therefore, if measures were taken to destroy 
the vitality of these germs or ova — the conditions of the 
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infusion remaining the same — no Infusoria should, after 
this treatment, appear in the infusion, and the biogenetic 
doctrine would accordingly be proved correct. But if, on 
the contrary, after this mode of investigating the subject, 
the animalcules were still found to be present in the in- 
fusion, then the decision would necessarily be in favour 
of the doctrine of abiogenesis. 

Needham, considering that in a high degree of tem- 
perature the conditions necessary for tin*, destruction of 
the germs were to be found, carefully boiled his infusion, 
and, after sealing it, again siibje(‘,ted it to the influ- 
ence of a high degree of temperature. On opening his 
flasks after they had been allowed to coed, Needham 
found the infusion, notwithstanding its having been 
boiled, to teem witli Infusorial and animal cular life. And 
he therefore concluded that tlie organisms must have been 
produced spontaneously from the fluid, or from the 
materials contained therein ; since he flrmly believed in 
the destruction by the heat of all living germs or orgtin- 
isms which the infusion, previously to its being l)oiled, 
might have contained. He therefore, after repeating his 
experiments, and with the same result, declareil liis Ann 
belief in the truth of “ abiogenesis.” 

At the same time, Buffbn’s theory of the production of 
life from organic molecules ” was promulgated (diietty as 
a result of the coiiclusions arrivt^l at by Needham. This 
latter hypothesis, founded on and im])lying a modified 
belief in the doctrine of “ abiogencsis,” maintained that 
the essentially vital or life-giving i)roporties wcjre locate^l 
in indestructible particles or “ molecules,” each of which 
had a vitality or life pe(niliarly its own. Buffon main- 
tained that the body of every living organism, of what- 
ever kind or grade, was merely a temporary aggregation of 
such “ molecular ” particles, whi(di, liberated by the death 
of the organism, are once more free to enter into the com- 
bination and formation of another, and, it may be, an 
entirely different form. It is somewhat remarkable to 
find, ever and anon, the materials and ideas of an almost 
forgotten theoiy brought to light, and made to do duty, 
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under a fresh garb, in the establishment of a new hypo- 
thesis. There thus exists between certain recent notions 
of molecules ” and the ideas of Buffon a close and inti- 
mate relati(m, although the more modern ideas regarding 
them are different from the opinions of the French zoolo- 
gist. The same material, however, does duty as the basis 
of all the ‘‘molecular” hyix>theses which now and of old 
have been constructed and advocated. 

Once more, therefore, the struggle and controversy 
seems to turn in favour of abiogenesis. But a new 
champion of the opposing doctrine soon enters the lists, 
and quickly throws tlie balance towards the biogenctic 
side. The Ald)^ S])allanzani, directing attention to the 
expcriinents of Needham, sliowcd, in 17G5, that the pre- 
sence of living organisms in Needham’s boiled infusions 
was due to want of care and skill in the method of closing 
Ins flasks. And Spallanzani demonstnited the want of 
care and erroneous conclusions of Needham by preparing 
infusions of similar kind, by closing them after an im- 
proved and diflerent method, and by continuing the pro- 
(5ess of boiling till a higher rate of temperature than that 
reached by Needham was attained. The infusions of 
Spallanzani, so treated, were found on microscopical 
examination to exhibit no signs of vitality. Hence the 
exertions of the Abbe turned the tide in favour of bio- 
genesis, and resulted in the foundation of his “ universal 
germ theory,” the essential feature of which was the 
recognition of germs borne by the atmosphere as the 
origin of all the forms of infusorial life. 

The controversy at this point, however, assumed a 
new and entirely diflerent asj)e(jt to that which had for- 
merly characterised it. The birth of an improved cliemi- 
cal science opened up a chemical .aspect whicdi had formerly 
been unknown ; and it was now assumed or suggested that 
the non-development of life in the infusions of Spallanzani 
might possibly l)e due to the influence of chemical changes 
induced by the process of boiling. And simil.arly followed 
the assertion that fermentation and putrefaction were 
changes of a chemical nature, and wdre not caused by the 
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presence of certain living and organic fonns. The former 
of these views wdth regard to fermentation was held in 
modern times by tlie late Baron Liebig, whilst the latter 
opinion is as strenuously advocated by Ptisteur. 

Schulze and Schwann, in 1837, disposed of the 
chemical objections to Si>alhinzaui’s experiments, by 
allowing only air hltercd through strong cliemical sol- 
vents, such as sulphuric acid and caustic ]i)otash, or air 
])assed througli red hot tubes, to reach the infusion. 
The oxygen of the air, which Wiis considered so iu‘cessary 
to tlie development of life, and which in S])allaiizanrs 
experiments was thought to be affected l>y the }>rocess 
of boiling, was acconlingly allowed to reach the infusion. 
The chemical nniforjnity of the air W'as thus ))ieservcd 
intact, but at the same time it was diprivcd of the 
organic germs, which Spallanzani laid nuiintained were 
the cause of the dev(*lopment of life in the infusion ; 
and after being so treated, the infusions displayed no 
signs of vital it}^ And Schreeder and Dntscb, in 1854, 
substituting siin])le cotton- wool for the cliemical solvents 
of Schulze and Schwann, sliowed that air filtered through 
such a medium 'was incapable of developing living organ- 
isms. 

The investigation and discovciy, by De la Tour, of the 
“yeast plant” (Fig. -ff, n) as the cause of fcrincntatiou, 
chiefly occasioned the hot controversy already reft'iTcd to, 
as to the nature of the fermentative and jintrefactive 
processes ; a controversy wddeh, however, Avas satisfactorily 
settled in favour of Di? la Tour’s view and disc* >v cry, by 
the experiments of Helmholtz, avIio jiroved, in tin? years 
1843-44, that the mere separation by a thin membrane, 
of a putrescible fluid from^one Avhich 'w^as actually under- 
going the process of fermentation and putrefaction, was 
sufficient to prevent the extension of the process to the 
former portion of the lifpiid. And in this way, he de- 
monstrated, that if the cause of fermentation were purely 
chemical, there wjis no reason Avhy the former fluid should 
not exhibit the s^ne series of actions and phenoinciia as 
the latter and already fermenting fluid, since the purely 
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chemical conditions were the same in both. This experi- 
ment, therefore, showed that in all probability the cause of 
fermentation lay in the peculiar phenomena accompanying 
the development of living organisms within a fluid fit for 
their propagation ; and the analogy between the develop- 
ment of such organisms and the production of Infusoria and 
allied forms in an infusion is at once apparent. Hence, 
the present stage of the controversy resulted in the demon- 
stration, tliat the essential materies of fermentation, and 
in all probability of that necessary for the development 
of infusorial life also, existed in a state which was most 
nearly ‘‘particulate that is, consisting of minute “par- 
ticles ” of organics matter ; whicli juirticles, like seeds in a 
fit and appro] niate soil, were developed in the infusions 
into certain adult and specific forms. 

The progress of the doctrine of biogenesis was thus 
exceptionally ra])id and brilliant, and up to the present 
time its career has been no less striking. M. Pasteur’s 
researches ( 1862 ) into the production of living organisms 
•ill infusions, and liis demonstration of the “particulate” 
and s])ecific nature of the germs or particles which give 
origin to forms of life in such media as infusions, and 
also within the bodies of higher animals and plants, are 
to be regarded as exemplifying some of the most im- 
portant contributions to the support and establishment of 
the biogenetic doctrine. Wliilst latterly Professor Tyn- 
dall has shown us that the existence of such particles 
in immense quantities in the ordinary atmosphere, is no 
longer a matter merely of conjecture, but one of absolute 
certainty and proof. 

In the present day, therefore, the rival doctrines still 
oppose one another as of yorc^ And whilst the doctrine 
of biogenesis has been thus advancing towards com- 
plete demonstration, the interests of abiogenesis, and 
more es])ecially during latter years, have not been 
neglected by ardent supporters. The record of progress 
in the demonstration of abiogenesis as a doctrine worthy 
of support has not, it is true, been so brilliant as that 
of the opposing theoiy 3 but the doctrine has not lacked 
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»le advocates, who fail to see in the “germ theory” 
in allied hypotheses, a sufficiently reasonable explana- 
m of the occurrence and development, under certain 
rcumstances, of the lower forms of life. 

The experiments of abiogeiiesists liave generally been 
inducted with a view to show that, notwithstanding 
le presence of conditions — such as those of great and 
ng-coiilinued heat — unsuited, and otherwise considered 
tal to the existence and development of living or 
•ganic germs, living organisms may still be found to be 
3veloped in infusions of organic matter. And these 
'ganisms, they maintain, originate de novo from the mole- 
iles of the contained fluid or substance ; an assumjition 
intamount to the belief tliat vitality can be cnnited, or 
lay spring into existence independently, and without 
jc pre-existence of vitality or of living forms. 

Tims the issue between the l)iogenesist and abiogenesist 
arrows itself to the belief, on one si<le, tliat the organic 
erms and particles are ca])able of withstanding a much 
reater temperature than is generally sujiposed or ad- 
litted ; whilst on the other side it assumes the phase of 
n opinion against the possession of such powders by 
rganic germs, or primarily against the specifics nature 
nd universal existence of germs. And in conjunction 
rith these two points a third must be included, that of a 
lelief in the “ spontaneous” origin of living forms, through 
irocesses which may be deemed pliysicjd or chemical, or 
ihysico-chemi(jfil in nature. 

For and against these various points much evidence 
las been brought to bear. The most imi)ortant contri- 
)utions to the side and opinions of abiogenesists which 
if late years have appeared, are tliose of M. l\>uchet and 
3r. H. Charlton Bastian. M. Poucliet may be ranked 
imongst the foremost pioneers of abingenesis ; and his 
slaborate experiments have been chiefly directed to the 
efutation of those of Pasteur. Pouchet seems to incline 
6 the belief that the organisms developed in infusions 
lerivc their characteristics from the particular fluids in 
jrhich they are produced ; a fact in part explicable to the 
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biogenesist, by the supposition that certain germs or 
organisms may flourish best in particular media. Dr. 
Bastian, in his recent work, entitled the “ Beginnings of 
Life,” seeks to sliow that the doctrine of abiogenesis 
liolds a more philosophical status than that of biogenesis. 
The experiments detailed in this work are many of them 
of the most complicated and novel description ; and wliilst 
it is permissible to ofler a few general observations on 
tlicse and allied experiments, and also on the conclusions 
deduced therefrom, it must also be borne in mind that 
further research is requinid before perfect confirmation or 
contradiction of Dr. Bastian’s views can be affirmed. 
The battle in tlie present day between abiogenesis and 
biogenesis is therefore one of the most keenly -contested 
which the history of any science has ever witnessed. Not 
only have wc tli(‘> highest authorities in biology ranked 
on either side, bs t the most comjfficated ai>paratus is now 
called into requisition by lK)tli parties. And thus the 
warfare is waged, with the circ'Ie ever narrowing itself ; 
each stop in the sequence of proof and demojistration 
being as hotly contested as if all the issues of biology and 
the kindred sciences were dependent upon the result of 
the battle. 

The ex})criments of Dr. Bastian were conducted accord- 
ing to the method we have already j)oiuted out. In- 
fusions of organic matter were subjected in flasks to great 
and continued heat ; the flasks were then hermetically 
sealed, and again subjected to a continuance of a high 
rate of temj)erature ; and, after being allowed to stand 
for a longer or sliortcr j>eriod, the contained infusions 
were examined, with the very general result of finding 
living organisms developed therein. And such results 
Dr. Bastian Inis obtained even from solutions or infusions 
of inoiyanic nature — such as solutions of phos})hate of 
soda, or of ammonia, and also from solutions of tartar 
emetic ; this latter condition, that of a purely inoiyanic 
solution, being, so fiir as we arc aware, of an entirely 
novel kind in the history of expojimental research into 
the phenomena of biogenesis. Then, also, Dr. Bastian 
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has found that if infusions he of a sufficient strength, 
and of a highly fermentable kind, infusorial life is devel- 
o])ed in racno" And following up the same line of 
observation and exj)criinent as that pursued by Dr. 
Bastian, we find Dr. Burden Sanderson asserting that 
“ liquids which contain no ])article distinguishable under 
the highest powers of the niicmscripe, can often be j)roved 
to possess the ])roperty of evolving inicrozyms (bacteria, 
etc.) after being boiled in sealed fiasks without contact 
with external media.” 

The chief considerations whi<*.h militate against the 
validity of the abiogenetie doi-trine in general, and 
against that of the ex])eriments from the results of which 
it would seem to derivi' a large measure snpjiort, 
appear to consist primarily, and from .a priori ri'asoning, 
ill the fiict that the conditions under which the develoj)- 
ment of Infusoria is expected and alleged to take ])lace 
are thoroughly opposed to the exhibition or devidopinent 
of life. An inorganic solution, for exami>le, pn^seiits us 
with a condition which, jirimarily, we would considi'r to be 
wholly unfavourable ami unsuited to the exhibition and 
develojunent of any living forms whatsoever ; (‘vaai allow- 
ing that they were capable of being ])roduced by molecular 
combination, under physical conditions, or in any other 
way consistent with abiogenetie belief. Th(^ vany ocenr- 
ren (JO of organisms in such an infusion, therefore, militates 
against the theory su)>porte<l by Dr. Bastian, since the 
mere conditions for tin; d(‘velopment of life reipiired ])y 
the jdiysicist himself, are wanting in such a cas(\ 

Or, on the other hand, a<lmitting the suitability of the 
])reliminary (amditions in the infusion, it might reasonably 
be doubted if tlie exceedingly high and continned rate of 
temperature to which the infiisioiis wenj suf>jec.ted, can 
be conqiatible with the development of living beings : 
yet we arc informed that the devidopment of life was as 
great in the infusion so treated as in one which had not 
been subjected to heat at all. The afipearance of living 
organisms to such an extent, and under such conditions, 
would therefore seem to afford grounds for the belief in 

T 
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the possession by the infusorial germs of greater powers 
of resistance to rigorous conditions, than, from previous 
ex})erience, could have l)een conceived. 

The actual existence of organic germs in the atmo- 
sphere, and in tiuids of all kinds, has now been placed 
beyond the possibility of doubt. Whether the doctrine of 
abiogenesis and of the “ si)ontaneous ” origin of living 
forms be proved true or not, the fact that the atmosphere 
is the mediimi for the conveyance of vast quantities of 
organic germs, is iiisuscci)tible of c,oiitrov(‘Tsion or of 
moditication in any way. And the unavoidable admission 
of this fact constitutes a certain and significant argu- 
ment of ])riniary importance in fjivour of tin? ordinary 
and biogenetic ” develojunent of these g(‘rms into in- 
fusoria! and other forms of life. The abiogenesist, in the 
face of this fact, is jjlaced in the position not only of an 
oppornait to the bedief in the actual existejice of organic 
germs, 1)nt also to the idea of the connection between 
such germs and tlic lower forms of life ; and to tlie con- 
sequent ]»rod action of the latter l)y a ]>roc(\ss of ordinary 
dev(do])rnent, in infusions of organic or even of inorganic 
material. 

In connection with this latter point — namely, that of 
the connection between the forms of life found iji infusions, 
and the organic germs of the atmosi)here and fluids — it 
may he mentioned that Professor Lister has lately de- 
monstrated, in th(’ clearest possible manner, these import- 
ant ndations. This ingenious ex])e.rim enter has thus 
shown that many of the organisms declared by abio- 
g(mesists to be produced by “ spontaneous generation,” 
are in reality the early or emlwyonic forms of certain 
fungi, which Mr. Lister has had the satisfaction of de- 
veloping from germs ; and these fungi were traced 
throughout their entire cycle of development. A fungus 
appearing in an organic solution on exjKisurc to the 
atmosplu're, was thus obser\md - to produce “ spores,” 
which, after separation, gave rise to “ young plants like 
the parents;” and other “spores,” of precisely similar 
kind and origin, were seen to multiply by budding like 
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the Yeast plant or Torula (Fig. 20, >?). The recogni- 
tion of the transitional nature of the ‘‘ spores,” and of 
these alternating ph[uses of development, thus supplies 
the connecting links between the organisms found in 
infusions and the germs from which they originate. 

Mr. Lister has also observed tin' pr(‘sence of slender 
filaments, which ‘‘were seen to ln’cak up inlo bacteria;” 
whilst the filaments themselves were notii ed to be pro- 
duced from sj)ores, “ indistinguishabh' from those of the 
fungus.” These new and startling fards with reference 
to the origin of Bacteria (Fig. 2!>), ainl tlu' knowledge 
that certain forms of life found in infusions actually 
represent stages in the life-circle of a fungus, ]>la(!0 the 
controversy on an entirely new footing, afnl, at the same 
time, advance in an important d(‘gree the interests of 
“ biogenesis.” 

A further and op]>osing eonsideration to the doctrine 
of abiogencsis, and one to be taken in eonsidi'ratiou with 
the preceding remarks, is found in the fart that the 
lower forms of life, and presumedly thi'ir germs also, are 
capable of withstanding a long eontimianc(‘. of a vciy 
high rate of temi)eratiire. Hence, where the abiogeiie- 
sist obtains a n'sult in Ids trcintimait of an in- 

fusion — namely, that of tin* j)resenc<^oi infnsori;i, etc. — the 
biogencsist can assert bis bernd’, siisct'jdibh^ of abundant 
demonstration, that .a. high rate of tciii])eratiii-e is not 
inconsist(*iit with the develojanent of infusorial life from 
germs or spores, winch an* thus of a stuni indc'struetildo 
nature. If, thendore, we niv oticnMl tlie (•hoi(•^^ of b<‘- 
lieving, on the one hand, that the orgaidsms developed 
in a fluid subjected to such rigorous conditions as those 
we have describetl, sjaing from germs <*ont}dned in the 
fluid, but whicli ])Osst‘ss the power of n'sisting a very 
high rate of temj>erature ; or, on the otlier hand, that 
the contained organisms aie produced from a eombination 
of the morgani(; eonstituents of the infusion, and with 
out the pre-existenee of vitality, one can hardly think 
that the cautious disceriiuuiiit of a logical mind will 
hesitate in its ciioicc of the former belief as that most 
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consistent with the ordinary experience of life, and best 
in accordance ’with the dictates of scientific knowledge 
and research. 

The remaining and final considerations, wliich may 
be enforced in concluding the present subject, have 
referciKic, firstly, to the nciture and subsequent Ijistory of 
the organisms developed in the infusions of Bastiaii and 
other experimenters ; and, secondly, to conditions of life 
and vitality in even high forms of animal life, which 
bear an analogous relation to those conditions which we 
believe the microscopic germs of the lower forms of exist- 
ence to present. 

The organisms found by Dr. Bastian and otliers in 
prepared infusions were f*liiefly of a vegetable nature ; 
the animal forms being limited to tliose of tin* lowest 
grade, many of which are hardly distinguishable from 
true plant-organisms. AVe thus observe the remarkable 
and noticeable absem^e of the higher and Infusorial forms 
which appear in such abundance in ordinary organic iii- 
fusiems. The forms of life found present in the rigor- 
ously treat(^d infusions arc therefore almost entirely of a 
v(‘getative kind; and, as such, may be regarded as pre- 
senting us ’with a lower ty])e of vitality than truly animal 
forms, (kmsistently, then, with this lower vitality, we 
may juesume their gi’cater indifi’erence to the conditions 
in which the infusions were placed ; and hence the greater 
chance of such oi'ganisms being preserved, whilst the 
more highly organised forms woidd be destroyed. 

Eegarding the subsequent history of the forms assumed 
to be “ sjjontaneously ’’ j)roduced in infusions, it is a fact 
worthy of note that tljcy are observed to rejn-oduce 
themselves after the ordinary modes of re])roduction, 
and through the ordinary processes of development. 
These infusorial forms thus reproduce their like in exactly 
the same manner as when they occur in a natural state. 
And the mere occurrence in these forms of thoroughly 
normal reproductive processes, affords an argument of 
weight against the supposition of their “ spontaneous 
production by any of the modes included imder the 
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doctrine of abiogeiiesis ; w’liikt it also tends to impress 
more firmly upon us the uniformity of natural actions 
and laws. 

We thus never witness in the after-history of these 
infusorial forms the occurrence of any abnormal or un- 
usual ])rocesses of reproduction. The irruption into the 
cir(;le of continuous and transmitted vitality does not 
seem to be r(‘i»eatcd or again evinced in the subsetpient 
history of tliese organisms. !Nor can abiogemvsis afford 
any cxj)lanation why organisms su]>])osed to be thus 
si)ontancous]y thrown into the world of being, should be 
capable of rt‘[»roducing their like after ordijiary and nor- 
nnd methods. And whilst the occurrence in those forms 
of the ordinaiy re])roductive prcx^esses thus sl‘l•v(^s as an 
argument against th<;ir “sjumtaiieous” ]>roduction, the fact 
also goes to support the opposing doctrine of ‘‘ biogene- 
sis,” in tliat it argues for the “ cyclical ” nature of the 
great vital process(vs, and for the invariable rcp(d.ition, in 
the life-liistory of an organism, of the jn'oeess by which 
itself was jn-oduced. 

Finally, Mlieii we consider that in ajiimal forms of an 
organisation so Ingli Jis that of the Roiijmi or “ wheel-ani- 
malcules” (Fig. ii), we find a most remarkable exhibition 
of dormant ” or ])ot(mtial vitality,” our ideas of the 
c<*nditiuiis under wliich life and tlie. vital force may be 
jjreserveil and maiiifestcd assume an extended character, 
hy aid of which we may di\*uv several highly important 
conclusions witlj ndcnaicc to the subject before \is. 

We liave already ri'inarkiHl, in consi<lering the nature 
of “potential vitality” (Chapter IL), tliat the Rofifaa 
may be di'icd up from the pools by tin* heat of the sum- 
mer sun, and in this mummified condition may be blown 
about as mere dust-specks for a coiisidcrabhj period, until 
the adilition of a little m dsture oiic(j more jihuies them 
in possession of all their pristine and original vital 
powers. 

The liotijmi which thus ])()s.sess so wonderful a vitality, 
it must be borne in mind, arc very far above the Injamriar, 
animalcules in organisation ; and we must further note that 



278 


PRINCirLES OF ZOOLOGY. 


it is not the mere eggs or germs which are thus subjected 
to so rigorous conditions, but the adult and mature Rotifers, 
in all their stnudural perfection and functional activity. 
And if the vital energies of creatures ranking so high in 
the scale of being, be thus capable of withstanding the 
influence of conditions so much at variance with the 
ordinary laws of vitality, wc cannot, after such considera- 
tions, regard the exhibition of potential vitality on tlie 
part of the mere germs of much more lowly-organised 
forms, as of so nn usual or extraordinary a kind. The 
experimental conditions already referred to, when con- 
sidered relativ(!ly to the organisation of the Confervoid 
spore or germ of the lower animal organism, are not more 
rigorous than those to which the liigh organisation of the 
adult Rotifer is subjected. 

A belief in tlie doctrine of Biogenesis, and iii the in- 
variable transmission of vitality, is thus shown to be of a 
decidedly more ])hilosoj>]]ical nature than that in the oppo- 
site theory of Abiogencsis ; involving, as does the accepta- 
tion of the latter doctrine, tin* assunijdion of actions and 
conditions iunvarrant(Hl by the g(‘n(‘ral teachings of a 
imiform biology, and especially by tln^ ascendained laws 
under wliidi vital force and living material are respectively 
exhibited and conserved. 
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;tri1)\ition — Xaliin* of the Sul>iiH l — l»i-1rihulion in ‘‘ Hjaeo 
and ill “Time” — “ tiieo^r.‘ij>hieal ' Distrilmtion : its Divi- 
sion AsjUM'ts — “ ZooIoLtieal IT vinees” -(‘oiutitions .‘ilVeet- 

iiijjj tlie Distrilmtion of Forms in SjKiee — Law of “ (Teo^rajihi- 
cal Succession ” - Jl<Mnoinorj»hism and Dislriluition — “ liatliy- 
liietiical ” Dislriimlion — Deei)-sca Life — Forbes’ “Zones” of 
Marine Life — Ttistory and Frojiress of Deeji-sea fixploration 
— (’onditions of Life in the Depllis of the Sea — Inllnenee of 
lTessiir(‘ - - lii;i]d — Tenijieratnre -Foo<l-sii])]»ly, tde.— Disiribu- 
lion in Time — (General Oonsiderations — l^issils— Idb- fijujchs 
— linjierfeetion of the (Jeological Feeord — iJonelusion. 

HE last or J)istrif>n(ionaJ aspect of liioloeical science 
rofereiice to tlie conditions under wliicli tlio living 
rganisin innv exists in tlie world, and to tliose under 
diieli it may liave existed in time past. We liave 
Iready sinm tliat our examination of the structural and 
uiictional relations of a living being j)la(*es us in posses- 
ion of full information regarding tlie organism, both in 
ts young state and in its adult form. Hut if onr survey 
)f the organism is to be eomjdete in tlui tnu' sense of 
die term, we have in addition to tlies(‘ ])oiijts to investi- 
gate the relations wliicli the living ludiig bears to tlie 
world or m(*dium in wliicli it exists. To sueh relations, 
as distingiiisbed from those idicitiMl by tlie mor])hologieal 
or physiological survey of tlie being, the term “exteriial” 
or objiM-tive” relations is not nnfre(|nently ajiplied. 

The “ distributional ” or “ ohjmjtivo ” relations of living 
beings admit of being studied from a twofold yet con- 
nected aspect. Wo may firstly direct onr attention to 
the conditions in wliicli the organism exists in the world 
around us ; in what distriets or “ areas ” it is found, and 
from what loealities it may he invariably absent. This 
first as]iect has therefore reference to the geography '' 
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of liviuf^ forms ; to tlieir “ geographical distribution,” 
or, as it is occasionally termed, tlieir “ distribution in 

spare” 

The pn'sent history of an organism or sc^ries of organ- 
isms has generally and insciiarably bound up w'ith it the 
histoiy or record of a past. This latter or past history 
has reference to the conditions und('r which the organism 
or series was represented in (,*ertain anterior or past 
epochs of our world’s history, Avbie.h the reseandies of 
the geologist and palaeontologist have led us to recognise 
as possessing a definite existence. To this hatter and 
second as])ect of distributional sciem^e the names of 
“ geological distribution,” or ‘‘ distribution in time” 
have ac(*ordingly been given. 

Tli(‘se two as])ecbs of our present subject, it is almost 
needless to say, are related to each other in the most 
intimate manner. The (*-ircumstances and facts elicited 
by a study of the one asj)e(d or section, must usually be 
taken in connection with tin* generalisations of the other. 
The distribution of a form in the present may vaiy 
greatly, <ir, on the contrary, may vary but little, from 
the conditions under which it (‘xisted in the jiast ; but in 
either case tlie two asjiects will generally be found to be 
mutually explanatory, and in some cfises the aid of the 
one is absolntidy necessary to the i)ro[)er iinderstaiidiug 
of the other. 

The advice of I^rofessor Greene Avith regard to the 
study of distribution, “ to separate the fircts of the science 
from the various theories which have been devised to 
explain them,” is, 1 think, an exceedingly wise and useful 
caution in these sjiecmlative days. Since the biological 
student Avill not in any case extend his knowledge, or 
wander very far out of the more beaten ti’acks, without 
finding that a special theory has in very many invstanccs 
been made and adjusted to the “ fiicts of the science,” 
without the slightest regard to the primary conditions or 
circumstanc(is from which the fixets take origin. Thus, 
as we have before had occasion to remark, and to select 
a single example, the doctrine of special creation ” 
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assumes the existence of special or specific ” centres of 
creation and distribution for the various species of living 
forms ; and that their subsequent distribution radiated 
from tlies(? central points to a greater or less extent, and 
until it was checked and limited by natural barriers or 
conditions. Siidi a theory necessarily involves stated 
notions as to the distribution and subsequent modifica- 
tion of living fonns. And rdher hypotlieses similarly 
profess to exjilaiii the probaljlc causes of distributional 
variations on grounds consistent enough with the facts as 
they stand, but which exliibit many flaws and dc'ficicncies 
when subjected to a careful scrutiny and analysis. 

The terms “ flora ” and ‘‘ fauna ” arc resiK'ctively used 
to conveniently and shortly express the vegetalfle and 
animal population of a district, zone, or country ; and 
concerning the as])ccts of tlie Geographical ” distribu- 
tion of living forms, to wliich, in the first t)lace, we may 
conv(*niently turn our attention, we liavc to notice tlie 
division of this subject into three secdioiis. Thus we 
may fii'stly investigate the relations of the organism to 
the “medium” in which it lives. The. conditions of 
existence on land, in air, or umler water, and the conse- 
quent adaptations for that existence, may thus be con- 
sidered under this first head. Tlien, secondly, we may 
direct att(aition to the “ hiteral ” or “ surface ” distribu- 
tion of animal forms ; that is, to the purely “ geogra- 
phical ” asjiect of the subject. In this wjiy we may take 
cognisance of th(‘ extent of surface or of tluj “area” (jver 
which the distribution of a. form may extend ; or W(‘, may 
note the limits l)y which its distribution is bounded or 
confined. And lastly, we may investigate tin; “ vertical ” 
or “ bathymetrical ” di.strilmtion of living organisms ; 
this latter as})ect having refi'rence to the distributi(Hi of 
forms relatively to the “ depths ” or “ vertical surfaces ” 
amid wliich they may be placed. The investigation of 
the dejiths of the sea thus falls under the consideration 
of this third head or aspect of the present subject. 

The entire subject of distribution, it If to be noticird, 
is one which is at pre.seut in a somewhat chrysalis-likc 
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state ; the rapid extension of our information and ideas 
bidding fair to place this department of biological science 
on a footing wliolly and entirely different from that in which 
it now exists, and to evolve new conceptions of the con- 
ditions of life, particularly in the lowest organisms. The 
present sketcli can therefore embrace only the most general 
of considerations ; and even these must be made with some 
reservation in prospect of tlie new facts whicli tlie pro- 
gress of current research is almost daily bringing to light. 

The naturalist, in considering the distribution “in 
space ” of living forms, finds it convenient to divide the 
surface of the globe into a immbcr of definite “ areas ” 
or “ provinces,” known generally as “ zoological ” or 
“ botanical provinces.” These “ provinces ” together 
make uj) tlie distributional Avorld, just as continents col- 
lectively constitute the world in a purely geographical 
sense ; but concerning the exact limits and extent of 
these individual provinces naturalists are by no means 
agreed. 

The various “s])ecies” of forms which coinpose the 
organic whole, vnry widely in their general distribution, 
as also ill tlie more sp(‘cial limits by which the distribu- 
tion of ejudi indi\’idual or single sp(!cics is bounded or 
confined. In tlie same way that a gimoral similarity of 
appearance sel ves to reconcile and unit<‘ together the vari- 
ous “ species ” f )iind in a “ genus,” so the various forms 
included in a distributional “ province ” are generally 
united to each other by certain relations of a more or 
less intimate and di'finite kind. These relations, it must 
liowcver be borne in mind, are not ncccmirilii of a struc- 
tural character, f)r dependent upon the jiresence of a true 
sjiecific relationship between the forms which inhabit the 
proviii(*n. Although, therefore, closely-allied “species” 
may be situated within the same area or ]^ortion of an 
“ area,” tlie intimate nature of their distributional rela- 
tions does not necessarily indicate any other association 
than that which may be said to depend or follow^ upon an 
exposure to surrounding and similar conditions. 

The conditions and circumstances which regulate the 
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** lateral” or surface distribution of living beings, and from 
which extensions or limitations of distribution have 
taken origin, may be regarded as chiefly dependent on 
physical causes, which affect to a greater or less degree 
the life and habits of the forms included within a given 
area. The influence of jdiysical conditions uprm tlie 
organisms iulia])iting the globe, has formeil the basis of 
not a few of tlie theories relative to th(‘ specitic origin of, 
and to the differences between, the forms tliat people the 
universe. And although wv may not .-issumc that these 
conditions arc capable of affecting the living organism to 
the extent demanded and advocated by such theories, 
there can he no doubt of the very deffnite influence 
which surnmnding conditions exert ui)ou a living being 
placed and situated in their midst. 

The study of physical geography aids us in framing 
eorro(d generalisations with regard to the geographical 
distribution of living forms ; and s(;rves at tin? sarnie tinu^ 
to impress upon us the due iuffiicnce iij>on animal and 
plant life of the conformation of tlie oartlds sui l’ace, and 
of the conditions which follow or dejumd upon any parti- 
cular disposition <»f jhysical agencies. 

Thus the existence of a inountaiioehain may produce 
visible and a])])anMit effects in the distriliutional asiiects 
of a zone or territory. The intiTvention of a chain of 
iiioimtaiiis may divide (dosely-alliiMl, or even a single 
species, ami inicessitate their chassilication in distinct and 
separate “ zoological provinecs.” And the same condi- 
tion which ])revi‘nts the miion of smh spe(h‘s may 
similarly tend to limit the migratory or spnaiding 
tendencies assumed to be inherent in most forms. The 
se])aratioii of tra(;ts or lands by rivers, si^as, or oceans, 
has a eorresjKmdiiig and delinitc influences in the division 
of species or groups, and in the localisation of forms. 

Other conditions, liowever, must also be incliuh'd in 
the list of jhysieal agencies affecting the distribution of 
animals or }»huits. The influence of food and climate 
tends to alter the conditions of life and habitat of forms, 
just as we have observed these agencies to be instrii- 
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mental in cliaiigiug specific ” into “ varietal ” cha- 
racters. The food-supply of animals luis thus a most 
powerful iutiueiice upon their distribution. The aggre- 
gation of forms where food is plentiful, and their 
absence from those districts where food is scarce, con- 
stitute the most obvious of generalisations and laws 
induc(Ml by the state of the food-supply. 

And similarly with climate ; the iiiflneiice of this 
latter conditioTi being even more visilde and ascertained 
than that of the food-sii))ply. The inflncnce of a rigorous 
cliinat(5, as tending t(» disperse .vuimal forms from a 
given area, uj* that of a genial climate in fostering their 
aggn‘gation, will be readily estimated ; whilst to the 
alteration and succession of the seasons, inducing a colder 
climate or the reverse, is due the temporary cliange ol‘ 
proviiKMi or area, which, in birds, we familiarly term 

migration.” 

The relations of distribution in ‘‘ spac(‘ ” to distribu- 
tion ill time,” have an intimate bearing on tlie comjiara- 
tive duration of ‘Ss]n^cies” and groups of forms in a 
given locality or “ area,” and also on the 7’elativ(' stability 
of a “ zo(dogi(‘al jirovince.” We may thus find the (;onsti- 
tution anti limits of a zoological ])rovincc to remain in 
the present, much, or exactly the same, as they a])i)ear to 
have been in tlui juist ; tiie .spaa/k* initure of the iinduded 
forms, however, having been materially altered and 
clnangt'd. In other words, a zoological province may be 
occujiied in the iiresent day by spiuaes and genera ditler- 
eiit from, but still allied to, those whicb inliabitcd it in 
the past. • 

These conditions and phenomena are included to form 
a law, known as that of the geograjdiieal suct*ession of 
organic forms,” which, according to Owen, is emhodiod in 
the expression, “ that with extinct as with existing 
Mammalia, particailar forms were assigned to particular 
provinces ; ami that the same forms were restricted to 
the sann^ provinces at a former geological period as they 
are at the present day.” Tlie “ former geological 
period ” here referred to, it must however be remarked, 
Wiis the more recent tertiary one.” 
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At a very recent period, geologically speaking, we may 
tlms observe that the fauna of a particular region ex- 
hibited certain ])ecnliar and distinctive characters. And, 
as expressed by the “ law of organic succession,” these 
special characteristics of the fauna may, in the present 
day, still be found within the same provim^e, but repre- 
sented and perpetuated l»y entirely mnv and difli'rent 
s])eci(‘.tf of animals. The characters peculiar to the whole 
fauna still r»‘main, but the re])resc!itativ(? sjhMu'cs are 
wid(‘ly diflerent from the sj>ecies of the past. 

Tims, to quote the familiar example of tlie distribution 
and relations ot‘ the South American luhmtdUt^ we observe 
the eharacterist ies of the extinct and gigantic Sloths, and 
oi‘ the armour-plated b7//e/o//oa, to be embo<liiMl and per- 
]»etuated in the modern species of Sloths, and in the exist- 
ing Armadillos n'spectivcly. And similarly with the 
moidv(*ys, llamas, tapirs, and ]»eccaries of South America. 
The ibssil s})(?ci('s ” of lhe«‘ latter foi*ms differ froi* exist- 
ing sjiecies, but the uistinctive peculiarities of each “group” 
are ])<'r])(*tuatcd in t in* living rejin -sen tati^ (^s. The fossil 
monkeys were thus of the Plafifrli iiic kind, just as the 
living (Jnmlnniuni'i of South Aiinrica lielong e\'clusiv(‘Iy 
to that group. And the extinc.t tajiirs, Ihimas, and pec,- 
caries, although sjuriflrdl/y distiind from their living 
representatives, uevtntheless jiresenti'd the saiin* charac- 
ters by which these forms, as distinct “groups,” an^ now 
recognised. 

. Tlie extinct mammals of Australia wen^ alsf) of a kind 
similar to those wliieh now render that region so prenliar 
.among the zoological provinces of the Avorld. The recxait 
de])osits of Australia give evidence of as great an abund- 
ance of M<(rs(ij>i<ii lift* in tlie past, as now e.xists in that 
region. These extinct MaraiijdaU wen* of ditlhreiit 
sjm-ics from existing kangaroos, etc., but they formed in 
their jieriod a no h*ss distinctive fauna than that whi<di 
characterises tlie Australia of to-day. 

And the examples of “ organic succession ” thus givim, 
might be repeated with reference to almost every region of 
the globe in which palmoutological research has made even 
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limited progress. It is, however, important to bear in 
mind the observation already noticed — naiiKjly, that this 
law of ‘‘geographical succession” is applicable only to 
tlie later tertiary period of geology ; and that it thus 
deals witli su})erficial formations and with coin|)aratively 
recent times. Tlje zoological provinces of the lu’eseiit day 
are, however, thus i)roved to be generally of earlier date 
than the si)ecies or forms by which they are populated. 

In connection with the “ surhice ” distribution of 
animal forms, we may lastly notice the preseuen of cer- 
tain f(^atur(!S of corresj>ondence between the hiuna of 
Avidely-separated areas or provinces, Avlnn-eby certain 
representative forms of one area arc r(^])r('sonted in an- 
other and widely I'cmoved ]>rovince by analogous species, 
which latter, apart from all structural alhnities, appear 
to fill the same place in their particular province as their 
neighbours in th(‘ otlna- area. “ Thus,” to use the 
wordi^ of Professor Idiilbps, “the I’latyrhine Monke3"8 
of the new world are l)ala.nced by the ( 'atarhine Quadru- 
mana of the old world ; the Feline races of Asia and 
Africa, the Lion and Ijoopard, are (;o])ie(l, so to speak, by 
the Puma and Jaguar of troincal America ; the Tapir of 
Mexico iniini<‘s the congeneric animal of Sumatra; the 
Sloth, Armadillo, and M^Tinecophaga of lirazil, find rela- 
tives in the Manis and Orycteropus of Asia and Africa.” 

And to tln^sii Ave might add the rej)res(uitation in South 
Ameri(ai by the llamas and alpacas, of the (•amels of Asia 
and Africa ; or the balancing of the entire mammalia of 
otlier provinces by the single marsupial order of Aus- 
tralia. Whilst amongst birds, re})tiles, fishes, and many 
invertebrate ord('.rs, many other examples of this distri- 
butional corresijondenee betAvaicn forms might be found. 

This subject has already been referred to in treating 
of Homomorphism, when aa^c noticed the theories and 
views Avhich had arisen from the fact of such widely- 
remov(‘d forms fretpieiitly exhibiting a striking resem- 
blance to each other ; and from the supposition that such 
a resemblance dejiended upon a common origin, upon the 
performance of similar functions, and upon the subjection 
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to like external conditions. These ingenious views can- 
not, however, be regarded as wholl}^ satisfactory, or even 
as explanatory of facts as they stand ; and, as already 
pointed out, the views of Forbes — who regarded special 
creations in similar areas as serving to explain these 
‘‘ homomorphic ” resemblances — leave many points of the 
subject as inexplicable as befere. 

The consideration of the “ vortical ” or “ bathy- 
metrical ” distribution of li\ iug f(>rm,s ext inplifies in a 
striking manner the swee])ing <*hauges, wliicrh even the 
limited progress of rest^arcli has wrought in our ideas of 
the distribution of life tlirougliout various areas or pro- 
vinces. And the older belief in the limitation of the life- 
fields to certain de]>ths, in the case of the maiiiie “zones 
of distributio]!," has now been swept away by the better 
investigation of the dee]»-sea IhhI, 

The researches and explorations of the late Professor 
Edward Forbes, chiefly led naturalists to classify marine 
forms, w^ith reference to thi'ir “ vertical ” distribution, 
into five gn^at classes or “zones.’’ These “zones” or 
“ bathymetrical art'as ” were arranged as follow's : — 

\stly. The “ littoral ” zone, extending betw'cen higli 
and low' wuiter marks, and including Ibrins wliich are not 
affected by a t(‘m]»orary withdrawal from their native 
cieinent. The criistacea generally, and many mollus(;a, 
exemplify such forms. 

2d7//. Tlu^ “circumlittoral” or “laminarian” zone, 
extending from low -water mark to a deptli of fift(;en 
fathoms. 

‘Mly. The “ niedian” or “corallim^” zone, distin- 
guished prineij)ally as the chief habitat and sphere c.f 
coral life, and which extended from tiftecni to fifty 
fathoms. 

Afhlij. The “ Infra-median,” or “ Dc'cjKsea Coral” zone, 
extending from fifty to om^ Inmdred fatlioms ; and, 

bthly. The “ Abyssal ” zone, extending from one hun- 
dred to about three hundred fatlioms, beyond which 
depths but few living forms w'ere supposed to exist. 
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These ideas thus limited the distribution of life in the 
ocean to a depth of about 1800 feet, or even to a less ex- 
tent ; the depth of 300 fathoms constituting, according to 
Forbes, a kind of ‘‘^"zero” in tlie bathymetrical distribu- 
tion of marine life. Or, to use Forbes’ own words, when 
speaking of the Deep-sea Coral Zone As we de- 
scend deeper and deeper in tliis region, its inhabitants 
become more and more modificHl, and fewer and fewer, 
indicating our approach towards an fibyss where life is 
either extinguished, or exhibits but few sparks to mark 
its lingering presence.” 

Decent deeiHsea dredging expeditions, in which the 
names of Drs. Wyville Thomson and Carpenter, and Mr. 
Gv^n J(‘tireys, stand conspicuous, have, however, demon- 
strated the presence, hi the very lowest sea-depths, not 
only of vast fields of animal life of a low type of exist- 
ence, blit have also brought to light, from enormous depths, 
creatures of a high type of organisation, such as Echino- 
derniata. Crustaceans, Molluscs, and even Fishes. These 
and concomitant facts, which fnrth(‘r and daily research 
is bringing to light, tend a,t once to revolutionise and alter 
all our pi’evious ideas of “ liathymetrical ” distribution, 
and to render the generalisations of Professor Forbes alto- 
gether inadcHiuate to correctly express the conditions of 
life among the oceanic hiuna as a whole. 

Prior to the announcement of P^'orbes’ ideas in 1813, 
however, living forms of animal life had been olitaincd 
from a depth of nearly 1000 fathoms. These living forms 
consisted of several tube-dAvelling w^orms, together with 
a large spciameu of the Medusa-head” Starfish 
pliyfoii lincJdi). These organisms were found in the mud 
of the sounding-lead, and attached to the sounding-line of 
the Arctic Expedition of 1818, which was conducted by Sir 
John Ross. This incident constitutes the first undoubted 
and verified instance of animals of a comparatively high 
grade of organisation being obtained from a very great 
depth of sea. 

Then, in 1855, the late Professor Bailey of the United 
States, published the fact that the fine ooze or mud of 
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the North Atlantic sea-bed consisted in greater part of 
minute Foraminifefi'a, both in a living state and as dead 
or disintegrated organisms. These organisms were ob- 
tained from depths varying from 1000 to 2000 fathoms ; 
and Professor Bailey gave it as his opinion that these 
Foraminifera were inhabitants of the iipi)er strata of 
water, and that they had been conveyed to the lower 
depths by currents, or as the result of their death and 
disintegration. Ehrenberg, on the other liand, more cor- 
rectly concluded that these Foramiwfrra wort‘, to be con- 
sidered as deei>-sea organisms in every sense of the term ; 
and that they lived in the lowest depths of the ocean, and 
tlms constituted vast fields of life in a region formerly 
thought to be entirely destitute of the presence of vitality. 

The observations of Dr. Wallich in 1860, and the re- 
marks of Professor Huxley on the ooze obtained in the 
soundings of 1857 for the route of an Atlantic cable, 
tended to confirm tlie su[)position of Ehrenberg with regard 
to the habitat of the Foraminifera, and thus opened up 
a new era of thought with regard to the life of the sca- 
depths. 

In the “ Bulldog ” Sounding Expedition, commanded 
by Sir Leopold M ‘Clintock, which was undertaken in 
1860, with a view to determine the feasibility of a new 
route for an Atlantic cable, ami which Dr. Wallich ac- 
companied as naturalist, several “Brittle-stars” {Ophi(h 
comm) were brought up bn the sounding-line from a bottom- 
depth of over 1200 fathoms. And the stomachs of th(‘se 
OphiiiconKr. were found to contain (Jfohojerina; — those Forn- 
minifera of which the oceanic; ooze of the ocean beds is 
in greater part comp(»scd — this fact serving t(» show that 
these Brittle-stars normally exist(*d at this great depth, 
and that the (jLohiijerinw of the sea-bed constituted their 
usual and ordinary food. The “ Bulldog” expedition 
further procured various Annelids, some lower Moliusra 
(Pobjzoa), and even Crnsfaceans, — all of which were ol - 
tained from depths wliich were formerly accounted absf>- 
lutely unsuited for the growth and development of living 
organisms. 

u 
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The results of subsequent and comparatively recent 
dredging expeditions," together with the ])rogress of current 
researcli, liave demonstrated^the error of the ideas formerly 
entertained with regard to the vertical distribution of 
marine life ; and have shown us that the depths of the sea 
constitute an entirely novel field for biological exploration, 
and one whicli is now being thoroughly worked and in- 
vestigated under qualified guidance, and by the aid of 
efficient and improved apparatus. 

Any system or tabulated scheme of the vertical or 
bathymetrical distribution of marine life, professing to 
meet tlui exigemdes of our increasing knowledge, would 
liave therefore to include the entire de])th of tlie ocean, 
from the “littoral zone” to the lowest l>ed or sea-depth. 
Or, recognising the utility of the first four zones of 
Forbes, we should have to extend the limits of liis fifth 
zone to include the depths from 300 fathoms to the bed 
of the 0 (^ean ; tlui constitution and life of this latter area 
or zone pi cscnting, in all probability, characters of a kind 
exceedingly varied from those which distinguish the fauna 
of the other and more suj)erficial zones. 

AVithout ent(‘rii}g, in the present instance, into the de- 
tails and classification of the forms which are asc(^rtaincd 
to make nj) in ])art the }>opulation of the lower sea-depths, 
we may \v\y bi'ietly glance at the ])robable conditions 
under whicli life exists in these depths. These condi- 
tions of life have been chiefly included under the con- 
siderations relating to the pressure, light, temperature, 
and food-supply of the organisms which (ixist at such 
enormous depths in the ocean. A few words on each of 
these latter points will not be out of place in concluding 
our remarks on the .aspects of geographical distiibution. 

The (juestion of J^rcamre, as constituting a condition 
pre-(imiuently unfavourable to animal existence in great 
depths of sea, has, until recently, influenced discussions 
on the subject to a greater or less, extent. It has, how- 
ever, been ])ointed out, that in accordance witli the most 
familiar of tlu? laws of natural philosophy, the pressure 
upon the outer surface of an organism living in the 
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s^reatest depths of se^ would he perfectly countcrhahinced 
l)y an equal pressure of water from within the organism. 
The law of the equal pressure of fluids in all directions, 
and its application to the cjise of these animal organisms, 
thus removes a stumhlingblock which long impeded the 
correct appreiriation of this important modification of what 
would otherwise appear to he a tluiroughly unfavourable 
condition to the maintenance of life in the sea-th'pths. 
And althougli we know that at a dejttli of *2 10() fathoms 
the pressure u])on an animal organism must amount to 
about three tons on each sipiare inch of its surfiice, yet 
the ecpial distribution of fluid ])rcssurc constitutes a jier- 
fect provisioji and natural safeguard against any deleter- 
ious effects. Tlie condition of the lower organism without 
air-cavities of any kind, and under such circnmstaintes, is 
thus maintained in perfect eciuilibrium, and has been 
compared in some degree, by Dr. (Jar]>ciiter, to the 
similar and ]>erf(ictly-balanced (tonditinn of land-animals, 
wliich exist unde’' enormous atmospln'ric. ])ressure, and 
under variations in that pressure, without experi(?ncing 
any effects, or ind(‘cd without }iecessai’ily being a\vare ( f 
such pressure lacing at all exerted. 

That this purely ]iliysical condition, therefore, is fulfilled 
in gTeat(‘r or l(^ss degree by marine forms, in wliatovcr 
zone or dt'pth they mtiy reside, there can he no iloubt. 
The law whicli a]q)lies to the surface-living form is nls(» 
ap])licaljlo to its dt^eper ncigliboiir. Tin; latter form, 
however, submits to more rigorous conditions than the 
surface-form, simply and in virtue of the greaUT pressure 
whicli exists and o})erates at a greatm* de[>th. 

The absence of Luiht in the d(;pths of the sea has, 
similarly to the consideration of pressure, proved a some- 
what awkward fact to the supj)ositioii that the nceessavv 
conditions for vitality are or can be ]>resent at great 
oceanic ^ already reterred to the im- 

portance of liglit as a subsidiaiy c<»ndition for tlie mani- 
festation and maintcuaiiee of vitality and of vital func- 
tions. Yet the ascertained absence of light at but a very 
short distance from the surface of the ocean, does not 
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appear to affect the growth and development of many 
animals which pass their existence in moderate but 
entirely darkened depths. Nor does this absence of light 
appear to be attended, in the case of deei>-sea organisms, 
with the results which we naturally expect to follow 
non-exposure to the solar rays. The coloration of certain 
forms, brought up from depths of from 500 to GOO 
fathoms in deep-sea dredging expeditions, was found to be 
as brilliant as that of their ordinary “ littoral ” or shore 
representatives (Carj^enter.) The exjdanation of these 
anomalous circumstances, and the determination of the 
causes why absence of colour should follow non-exposure 
to light in one case, and not in another, have yet to be 
framed and suggested ; but two thoughts or suggestions 
are admissible in the present state of our knowledge. 
We inny thus either suppose that the vital functions may, 
from adaptative conditions, be carried on in these organ- 
isms in the absence of light ; or, on the other hand, that 
special means may be afforded whereby the influence of 
the surrounding darkness may be counterbalanced or 
neutralis(Hl. And to these considerations wc may not 
inap])roj)riately add the third, of the possible adaptation 
of chemical laws and conditions which may influence 
the development of colour in these organisms, and under 
the si)ecial circumstances of their life, position, and 
habits. 

Throughout the higher groups of the organic series the 
presence of light appears to be almost absolutely essential 
to the perfect performance of vital functions. Where 
we find forms of a high degree of organisation living in 
darkness, a general absence of colour, together with non- 
developnient or a rudimentary condition of the visual 
organs, are generally to be perceived. Yet, in the case 
of certain forms brought up by the dredge from enormous 
depths of sea, and which, from a careful consideration of 
their habits, appear to normally exist in the lowest depths 
of the ocean, the eyes appear as perfect in eveiy way as 
those of nearly-related organisms living and existing in 
the light. 
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Such facts constitute most intricate and difficult points 
in the consideration of the conditions of life in the sea- 
depths, and more perfect knowledge is requisite and 
necessary before further attempts to account for or explain 
these anomalies can be warranted. But the consideration 
of such phenomena, and the solution of the difficulties 
which attend them, have not been neglected by natural- 
ists and physiologists in the past. 

Dr, Coldstream, in the CijcJoimdia of Anatowy and 
Physiologyj together with Elirenberg, De Quatrefages, 
and others, have of old directed attention to tlie hypothe- 
sis or suggestion that the dee|)-sea forms may be cajjable 
of seeing by aid of the phosphorescent light which 
themselves or their neighbours are capable of ]>rodncing. 
Thus Coldstream quotes the remark by MiW'-cidloch, from 
the JEdinhuryh Encydo'j^mdia, that ‘‘in marine animals 
their luminousness may be ‘ a substitute for the liglit of 
the sun,’ and may be the means of enabling them to dis- 
cover one anotlier, as well as their prey.” 

This hyi)othesis, which deserves mention if from no 
other consideration than its ingenious nature, has been 
repeatedly referred to and reproduced in discnissions on 
the conditions of life in deep-sea or in ordinary marine 
organisms. Objections to this supposition have been 
founded on the fact that the power of j>roducing this 
phosphoresce] it light is not possessed by all the i'orms 
inhabiting tlie sea-depths, nor by those dwelling in 
shallowca* but still darkened wat(^r ; the surface (d’ the 
sea, iiuh;ed, being the jiarticular region or tract where 
the luminosity is most to be ])erceived. Then, also, it 
has been shown that forms which apparently would most 
benefit from the possession of this projierty are destitute 
of it ; whilst other animals, the habits of which do not 
appear to micessitate such a provision, possess the iilios- 
phorcscent property in fullest vigour. 

These and allied considerations certainly inilitat(^ 
against the validity of this supposition ; although, iVom 
the nature of the case, and from the present state of our 
knowledge, we cannot satisfactorily either support m 
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reject a suggestion offered and propounded after a duo 
consideration of fa(!ts as they stand. 

The subject of Tximperature, as affecting tlie conditioTis 
of life in deep-sea organisms, is not surrounded by sucli 
difficulties as beset the question and relations of light. 
The due observation and investigation, by aid of imjn’ovcd 
apparatus, of the temperature of the ocean at various 
depths, has led to the well-founded belief that the tem- 
perature of the sea is regulated by the distrilaition and 
direction of the currents whicli at all depths affect its 
mass. By the agency of these moving streams the de- 
grees of lie‘-at and cold in the sea-depths are duly regu- 
lated ; and it has been found that the distribution of hot 
and cold aieas in the ocean has a very im])ortant, if not 
the most important, effect in determining the range and 
distribution of life throughout the wide domain and depth 
of s(‘a. 

The ideas formerly entertained coiHteniing the relative 
temperature of various sea-depths have been greatly 
modifi(Hl, and in sonie eases C(au])letely srqu'rseded, h\ 
the n'SLilts of r(u;ent investigations. And although tlu' 
consideration of such a question belongs more i>roperly t'» 
the department of jihysical geography, yet the recognition 
of the inffueiHH^ of temperature on tlie l)athymetrical dis- 
tribution of life may warrant us in briefly stating the 
conclusions to which late investigations have led. 

Formerly it was bedieved that the teiiqierature of the 
ocean at certain depths was of a permanent and stable 
chai’acter, and eoiTcs])onded to about 4"" 0. The sur- 
face temi)crature, on the other hand, was believed to 
vary greatly under the iiifimnicc of the heat of the sun, 
from the efft3(;t of currents and of winds, jind froi]i other 
causes. The results of recent investigations tend to show, 
as exiu'essed by Professor Wyville Thomson, “ that 
instead of there being a permanent deeji laycn* of water 
at 4“ C/., the average temperature of the bottom of the 
deep sea in temperate and tropical regions is about 0° C., 
the freezing-point of fresh water ; and that there is a 
general surface movement of warm water, produced pro- 
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)al)ly by a combination of various causes, from the equa- 
:orial regions towards the poles, and a slow' under-current 
3r rath(;r indraught of cold w'ater from the poles tow'ards 
the equator.” 

In the conditions which affect the distribution of 
marine forms, therefore, we may assign to temperature 
:he first place of inq>ortance. I’he nature of the 
ground,” to use Professor Thoinsoifs words, “can have 
little to say to it, for on every line of coast, of any extent, 
almost every condition and every kind of seiliment is 
usually representiMl.” 

Finally, the (|uestion of FiMuh.<viq)hj luis also been 
regarded as forming one of the knotty points in the 
consideration of the distribution and mainttmanco of 
(ieei>sea existence. The existence of a food-supply to 
the animal bears, as has already been shown, an import- 
ant relation to tlic presence of light ; since the plants 
necessary for the maintenance of animal-lil’e recpiire tla^ 
presence of sunlight for the due 0 ])eration of tlu'ir vital 
chemistry. The abscmce in the sea-(h‘pths of any but a 
few of tli(‘ lowest, and g(‘nerally mi(Tosco])i(^ }»lant- 
organisms, fcuuns, thenifore, a notable h^atiin^ in the 
consideration of the jiresent subje(;t ; since, in tlu^ a]>sen(;e 
of the solar-beam, the higher plants cannot exist, and 
wuth them disa])p(;ars tin; chief snpjjort and stay of 
animal existence. 

From the contenqdation of such a dilficulty aros<^ the 
suggestion that the hover animals in the s(?a'd(‘pths 
niiglit assume the functions of ])lants, in tliat tljcy 
might be <*onceive.(l to be caj>al»le of availing thems(dvt‘s 
of the imagaiiic mat(*rials by which th(;y w ere siirround(al, 
and of elaborating from such matter a nutritive supply. 
This supjjosition, liowever, has Ikmui aljandoned in favour 
of a second theory, which, whilst it oilers a more feasible 
explanation of the mode in wdiieh the nutrition of thes< 
organisms may be ])rovidcd for, is not wdudly free frnm 
objccthms toils favourable rceeption. This latter id (a 
maintains the existence, in tlie great quantity of organic 
matter held sus])ended in the water of the sea, of a 
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supply of nutrient material, suflBcicntly and physiologically 
adapted for the sustenance of these lower organisms. 

The actual presence of such organic matter in great 
depths of sea has been fully demonstrated, and this 
material has been supposed to be derived from the 
“surface-life” of the ocean, and from marine vegetation, 
together with the matter derived from the disintegration 
of the dead bodies of organisms of every grade and kind. 
Such organic material, thus widely diffused throughout 
the water of tlie ocean, and consisting of “ dilute pro- 
toplasm,” is therefore believed to afford food for organisms, 
the resources of which, from habits or distribution, 
appear of the most feeble and contracted kind. Aiici 
the theory, which thus accounts for the food-supply o:' 
these deep-sea forms, is generally known as that of the 
“ Protozoic-absorption theory.” 

Whilst this hyi)othe8is appears sufficiently tenable and 
worthy of belief, until the question be more tlioroughly 
worked out, there are a few points which may be sug- 
gested as jnilitating against the theory. Thus the question 
of the actual necessity for recognising a food-supply in 
this “ decomposable organic material ” may not inaptly 
be raised. We are fimiliar with very many organisms, 
from all classes of the animal kingdom, up to and includ- 
ing the fishes, which may be preserved in a living and 
healthy condition, and for an indefinite period, without 
being furnished with any solid nutrient material. And 
the supposition that these deep-sea organisms may, like 
other and higher forms, find in the microscopic organisms 
and particles which are contained in even the clearest 
water, a source of food-supply, somewhat invalidates the 
necessity for our looking beyond the ordinary medium 
and conditions in which they live for the presence of 
nutrient matter. 

The respiration of deep-sea forms, and the renewal of 
the gases concerned in the aerating-processes, in the 
absence of plants, are effected under the most admirable 
conditions. “ Surface-waters ” were found to contain a 
large percentage of oxygen, and comparatively little 
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carbonic acid ; whilst ‘‘ bottom -waters contain a 
amount of carbonic acid, and comparatively little oxygen. 
These conditions, and the relative i)reponderance of these 
gases, depend upon the interchange of oxygen and car- 
bonic acid wliich takes ]>lace in the functional life and 
respiratory pro(*csscs of deep-sea forms ; the carbonic 
acid emitted by the organisms being consequently in 
greater prepondenxnce in tlic lower dejdhs, whilst the 
renewed oxygen is present in grciiter quantity in the 
upper strata of water. The renewal of the oxygen, and 
disposal of the carbonic^ acid, is ertect(Hl })y the down- 
ward diffusion of the former and the upward diftiision 
of the latter gfis. A second interchange between the 
gases of the atmosphere and the gases of the sea thus 
takes place at the surface of the ocean ; and tlu^ diffusion 
and renewal of oxygen is amply provided for‘T)y the 
currents of air find ocean, which togetlier ceaselessly 
agitate the sea-ileptlis, and so provide for the duo puri- 
fication of the great mass of waters. 

Lastly, the presence of diffused mud-particles tlirough- 
out certiiin aretis (/;.//., the decpei parts of the Medi- 
terranean Sea) has been credited with causing a)i almost 
entire absence of life, and of tliiis adecting iji an import- 
ant degree the distribution of deejKsca organisms. But, 
iis Inis been ably jiointed out by M‘Iritosh, tlie consider- 
ation that veiy many animals — Molluscs, Aimclids, 
together with Sponges, and other and lower forms of 
marine life- — normally live and tlirive in very muddy 
waters, presents an antagonistic aspect to this theory. 
Indeed, as has lu^eu point<*(l out, the muddy districts of 
‘Mittoral” areas present a marked coiitra.st in respect of 
tlieir abundant life, to those districts where the Avater is 
clear and undisturlxid. And even amongst the thickest 
chalk-ooze and jaitrid mud, many characteristic Molluscs 
and Annelids are found to flourish in all their vigour 
and beauty. Thus the conditions of presumed unfavour- 
able aspect to the development of life in one case, 
become in another case, and unaccountably, a noi*nial 
habitat for organisms of a higher grade of organisation. 
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But in conformity with the current progress of research, 
we may reasonably liesitate to express any decided or 
further oi)inion as to the tenahility of tlieories or opinions 
which may be entertiiined with regard to tlie bathy- 
metrical ” distribution and conditions of deep-sea life. 

TJic subject of “ Distribution in Time ” admits, in the 
present instance, of only a few considerations, and these 
must be of the most general description ; since the due 
appreciation of the facts and conclusions to be derived 
from a study of the paheontological record is dcj)endent 
to a v(ay great ext<‘iit upon a certain knowledge of geo- 
logical S(ncncc. 

The geological ” distribution of living beings, in its 
fullest s(‘iisc, tlius inj])]ics, firstly, the investigation of the 
l)ast histoiy of our earth, with regard to the pli^ sical and 
other conditions under wliich the life of tlio past existed ; 
secondly, the detenaui nation of the conditions under whitdi 
the remains of animals and plants have become ]>reserved 
to us ill the rock'systems of our globe ; and, thirdly, the 
e.xamination of siicli fossil ” forms, and their (M)iiiparison 
in the, (h^tails of structure and function with the living 
forms now existent. 

The department of science which deals with the rela- 
tion and structure of living forms in the past is known 
as that of “ l*ahe(mtol()gy and this branch of impiiiy 
is in turn generally regarded as subsidiary in nature to 
the wider science of Geology.” The last-mentioned 
department thus investigates the jiast histoiy of our 
(jarth, in the most extended sense in wdiich such an in- 
vestigation may l>e juirsued. 

Tlie more general considerations which concern our 
present j)ur])ose and subject, arc limited to those wliich 
may suitably jindhce a full and comjih'tc inquiiy into the 
past history of living forms. We thus become aw^aro, 
firstly, that many species of animals and plants have 
been rejircseiited in periods of our earth’s liistoiy anterior 
to that ill whiidi we ourselves exist. ' Tliose species are 
principally those of forms which have comi-iletely passed 
out of existence ; in other words, they have become 
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“ extinct,” and are not identical witli, or cannot be re- 
ferred to, exi.'^tiii^^ “ species ” of animals and plants. In 
addition to these extiiH*t ” species, however, we find 
many sjjccies to l>e represented in the past which are 
still in existence. 

These forms, belonitin;;' thus <‘hie(ly to extinct, but 
also to existent species, represent the past ]><»pulation of 
our globe, and with the more general relations of these 
organisms it is the ])rovincc of our }>reseiit subject to 
deal. They become known to us from the jaestMico in 
the rock-formations which compose the “ crust ” of the 
earth, of the remains of animals and plants, pn'S(‘rved to 
us mostly in a jx-tritied state, and kjiown tis ‘‘ 1‘ossils,” or 
as “ fossil (irgaiiisms.” 

A further examination of the distributional asi)ects of 
the past population of oiir globe, evinces the fact that it 
is possible to determine a certain arrangement and order 
in their existence ; and, necessarily, in that of the rocks 
or material, in the substance of wliicb they are imbedded. 
In this way we can trace the existence of (Hirtain delinite 
epoclis or p(‘riods in the history of our cartli, and we can 
also det(‘nuiiu; that certain forms or groups of forms 
were characteristic of or repieseiited tlie life of tln^se 
])eriods. And the j)aheonti>logLst is ihiis enabled to con- 
struct a. tolerably correct scheme, exhibiting tlie develoi)- 
mont and distribnlion of life at various (jpochs in the 
past, ami also to form some i<lea of the conditions under 
and thrniigh which that life was maintained. 

It is, however, to be borne in mind as a primary and 
most important consideration, that wliilst tlu^ majority 
of fossil organisms are “extinct,” that is, liave entirr^ly 
jjassed out of existence ; and whilst otlier fossil forms dn 
not differ from I'xistiiig sneiaes of animals and jdant.s, 
there is, at th(i same time, no fossil form which cannot 
be referred to one or other of the great groujis or snb- 
kingdonis into which both animal and plant scTies ar(‘ 
divided. Then, in addition to the above fact, it must 
also be remembered that the extinction of a species is 
essentially and for ever final ; in other words, w lieii a 
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species has died or passed out of existence it never again 
appears. 

The difference between the forms of the past and 
those of the present is therefore, one, comparatively 
speaking, of time and not of primary structural detail. 
And this difference in i)oint of time and general resem- 
blance is exhibited in a defined order ; those fossil forms 
which occur in the first-formed or oldest rocks differing 
in greatest degree from those at present in existence ; 
whilst the fossils occurring in the newer or last-formed 
rocks do not, as a rule, differ from existing species of 
animals and j)lant8. 

The successive and gradual formation of the “ fossil- 
bearing ” rock systems, which chiefly compose the crust 
of the globe, was thus accompanied by a correspondingly 
gradual development of life, this development beginning 
in order with the least highly-organised, and terminating 
with the production of tlie highest being. Phom the 
wider difierences observ^able in the distril)ution and rela- 
tions of the forms which existed in the j)ast, ])aheontolo- 
gists have classified the rock formations of the earth to 
form three great epochs ” or “ life periods.” In other 
words, these epochs arc distinguished by tbe broad 
characters and wide relations of their contained fossils. 

Each period, therefore, contains an assemblage or 
aggregation of fossil forms, which evince among them- 
selves a certain relationship, chiefly and primarily repre- 
sented by tlic time and circumstances of their formation 
and dejwsition to form fossil organisms. The fossils of 
each epoch, and, in many cases, of each rock formation, 
oxliibit thus a com])arative contemiKiraneity of develop- 
ment, and V017 often of extinction also ; whilst the rela- 
tionship between the fossils of a period or rock formation, 
so far as structural identity is concerned, may either be 
of a close description, or of a less intimate or entirely 
uneoniie(ited kind. 

The first and oldest of the epochs or life-periods into 
which the entire series of rock-fonnations may bo divided 
is known as the Palicozoic, Primanj^ or “ Ancient-life ” 
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period. This epoch includes the Laureutian ; Cambrian ; 
Silurian ; Devonian or old Red Sandstone ; Carboniferous 
(Coal-measures) ; and Permian systems of rock-forma- 
tions. The fossil organisms included in this period 
exhibit, as a vhole, very distinct and essential differences 
from existing species of animals and jdants. 

The Scamtldry^ or j\Iiddle-life ” period, forms 

the second ep(K^h, and includes the Tritissic, Oolitic, or 
Jurassic, and the Cretaceous or Chalk systems of rocks. 
This second epoch is characterised, like tlie I'aheozoic 
period, by the specifically distiiict nature of its included 
fossils from existing forms of life ; a few ex(ieption8 to 
this riih*, however, being found. The fossil flora and 
fauna of the ]\lesozoic period, however, approach more 
nearly than those of the I’aheozoic epoch to existent 
species; and the term ‘‘Middle-life” period has been 
apidied to this (^poch, from the soinewliat intermediate 
nature of its position between the older and newer 
periods. 

The KawozoUj Tertiary^ or “ New-life ” jun iod, forms 
the last of the lifij-epochs. It includes the more super- 
ficial rocks, beginning with the Eocene formations, and 
including the ]\liocene and Pliocene, and finally ending 
the entire scries with the Pleistocene, and Post-T<;rtiary, 
or Recent deposits, which latter bring us to the formations 
of our own day. Tlie contained fossils of the Kainozoie 
period evince, for the most part, a decided relationship 
with the existent species of animals and jdants ; many 
of the Kainozoic fossils being specifically iilentical witli 
living forms, and the more recent or newest deposits 
exhibiting, as might be exp(;cted, the closest relationsl\ip 
to the existing flora and fauna. 

The general considerations thus brought forward ma}' 
suffice to give a broad or elementary id(‘a of those moie 
important generalisations with regard to geological distri- 
bution, which an acquaintance witli the principh\s of geology 
and paheontology Is alone calculated to perfectly conVi V. 
It may, however, be impressed, as a closing and fimil 
thought, that the geological or palajontological record is 
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by no means of a uniform, complete, or unbrolveii nature. 
The labours of the palaeontologist have not resulted in 
the formation and demonstration of a continuous series 
of forms, leading us by gradual and successive stages 
from the era of creation to the present order of exist- 
ence. 

There exist, on the contrary, many and great gaps in 
the geological record ; the ingenuity of tlu'orists having 
been greatly exercised to account for, and fill up, the 
breaks in the palaeontological chain. These deficiencies 
have resulted from various causes, with the operation of 
which the geologist is well acquainted. Two conditions 
may be enumerated as having tended to produce these im- 
perfections. The first condition is included in the fact, 
that the destructive nature of many physical or geological 
actions Inrs undoubtedly caused the obliteration of the fos- 
sil-remains of many rock-formations. And, secondly, the 
absence of many animal and plant forms, which, from 
surrounding circumstances, or from their habits, would 
not tend to become fossilised, has left the “ record of the 
rocks ” necessarily in an imperfect and interrupted con- 
dition. AVitliout, therefore, expressing dogmatically that 
the progress of research will disclose no new facts, or 
result in the discovery of no further or more extended 
generalisations regarding life in the past, we may safely 
assume that the imperfections and deficiencies alluded to 
are of ii thoroughly permanent nature ; and are such, that 
no succeeding phases of knowledge can ever suffice to 
render the record of life in the past any the more perfect, 
or to enable us, with precision and certainty, to fill in 
all the missing pages in the histoiy of our globe. 



GLOSSARY. 


G, Greek (leHvativcn. L, Lrtiin dcrivu lives. 

Accretion. (L. od^ to ; cresco, I grow.) TLo proross of growth 
in inorganic bodies, })y which iieAV particlc.s of uiatter are placeil 
on top of tliose already formed. 

Actinia. ^G. ak/is, a ray.) A gemis of (.'o.‘lenterata, represented 
by the Sea-anemone. 

Actinozoa. (G. aklis ; imd zoo7if ii\\ nubuixl.) The higher of the 
two C(.elenterate classes, of which tlic Sea-anemone may betaken 
as the type. 

Agamic. (G. «, without ; r/amos', marriage.) Applied to 
“ asexual ” forms of the rei>roductive process ; so called because 
the sexes do not i)articipate in the }>roce,ss. Used synony- 
mously with the term ** Asexit^rl.” 

Alga:. {Hu alipc, a seaweed.) The group of lower plants popu- 
laily known as and including the “ Seaweeds." 

Allantois. (G. alJtis, a sausage.) One of the three beta! or em- 
bryonic sacs of the higher Vcrlehroftt. The allantois principally 
subserves the respiratory fumdlon »»f the imibryo. 

Amnion. (G. (tuiNds, a lamb.) Tiie eiiibrvonic sac. developed from 
the “serous" layer of the germ, Avithin Avhich the embryo is 
more immediately contained. 

.Vmcema. (G. aeliange. ) A genus (,»f character- 

ised by the power of changing the hn'm and shape of the body. 
Formerly known as the Proteus ouimalcuJe.'' 

AMrjilBiA. (G. both ; bios, iile. ) A <;lass of Verlrhrattf. 

exemxdified by the Frogs and Newts, which i)o.ssess respiratory 
organs (gills anti lungs), suiting them for life eithia- on laud or 
in Avater. 

ANARTHUoroDA. (G. rt. Without ; arfhrou, a joint ; pons, a foot.) 
A subdivisit)n t>f Annulusa, represented by VV'onns, etc., in 
Avliicb no jointed limbs exist. 

Androgynous. G. rwer, a man; r////vc, a woman.) A]»]died to 
organisms in Avliich the two se.ves are united in one iiidiviilual. 
Used synonymously with Ilcntoiplivoditc. 

Annelida. (L. annulus, a ring.) A class of Anwdosa repre- 
sented by the Worms. 
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Annuloida. (L. annnbis ; and eidos, form or resemblance.) A 
tenri apjdicMl to the Kiib-kingdom EcJdnozoay from supposed 
affinities with the Amudosa. 

Annulosa. (Tj. aimtdus,) A sub-kingdom of animals, character- 
ised l>y the jointed or “ringed” nature of their bodies, and 
repri'sented by Worms, Insects, S]»iders, and Crustaceans. 

Antknn.^:. (L. antenna, tlm yard of a ship.) The “head” or 
“ cephalic ” appendages of many /7ivertebrata. Popularly deno- 
minated “ feelers,” from their being supposed to subserv^e the 
sense of touch. 

Anus. (L. the vent.) The vent, or inferior termination of 
the alimentary tract. 

AiiACHxmA. (G. arachne, a spider.) A chuss of Annnlma, repre- 
sented by the Spiders, Mites, and Scorpions. 

Arthuopoda. ((J. arthron, a joint ; poda, feet.) The higher 
subdivision of the AmmUmi, in which jointed limbs are present. 

Articflata. (L. articuhis, a little joint.) A term used synony- 
mously witli Anrudom. 

Ascidia. (G. asl'/is, a bag or bottle.) The scientific name of the 
“Sea Sipiirts,” so called from their resemblance to a bottle 
or jar. 

Asexual. (L. a, without ; scorns, sex.) See Agamic. 

Asstmii.atton. (li. ad, t<) ; ftimilk, like.) The ])rocess by means 
of which living beings convert matter or food derived from the 
outer worhl into tlie. substances of which their tissues and organs 
arc c()m]){)sed. Assimilation in this way is a wider term for 
the process of “nutrition.” 

Aves. (L. avis, a bird.) A class of Yertehata, including the 
Biids. 

Bacterium. (Plural, ytcfdevvVG) (G. a stafforrod.) Ap- 
idicd to minute rod-like organisms, of vegetable nature, which 
occur in infusions. 

Balanus. (G. hdaiuis, an aconi.) The scientific name of the 
“Sea-acorns” — a group of the Crnstaccxi. 

Bilateral. (L. Us, two ; laius, a side.) Possessing two equal or 
.symmetrical sides. 

BiOLociV. (G. bios, life ; lo^jos, a di.scoiirse.) Tlie science of life or 
of living being.s. Now a])plied to include the two sciences of 
zoology and botany ; or used as a subdivision of the wider 
science of “Natural History.” 

Bioplasm. (G. bins ; plassv, I fonn or mould.) Dr. Beale’s term 
for “sarcode,” “ iwotojdasm,” or the primordial matter, of 
whii’h the bodies of living beings are comjKKsed. 

Blastoderm. (G. blastos, a sprout; demia, skin.) The “ger- 
minal imunbrane ” of fecundated animal ova or eggs, from the 
ulterior tlevelopnient of which the embryonic form is eventually 
produced. 
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Botany. (G. hoiane^ a plant.) The division of Biological or 
Natural History Science which investigates the structure aiul 
functions of plants. 

Branchia. (G. hragchia, gills.) A “gill” or breathing organ, 
litted for breathing the air contained in water. The respii'atory 
organ of aquntic forms. 

Brtozoa. See Polyzoa. 

Calcareous. (L. co/x, lime.) Composed of lime. 

Cephalic. (G. the head. ) Belonging or appertaining to 

the head. 

Chelas. (G. ckeh\ a daw.) Invertebrate limbs provided with 
pinccr-like ajq^endagcs. The “ iiipping-chiws ” seen in lobsters 
crabs, scorpions, etc. 

Chitinous. (G. a tunic.) Of horny texture. Applied to 

those structures in which “ chitine,” a substance allied to 
“horn,” is found. 

Chloropiivu.. {G. chloro.% green ; phulhm, a leaf. ) The green 
colouring material found typically in plants, l)ut also in many 
animal forms. 

CnoiiHA Dorsalis. See Notochord. 

Chorion. (G. chorion^ a skin.) The outer coverings of the ver- 
tebrate ovum an<l embryo. 

Chrysalis. (G. gold.) The “pupa” or second stage of 

the metamoriihosis in in.sects, such as buttei’llic.s and moths. 
So named from the occasional golden liistrc! or a}>|u*.arance. 

Chyle. (G. chnlos, juice.) The nutrient Iluid }>i-t‘]aired by. the 
digestion of food. The preparatory or ]>rimary form of the 
“ Vdood.” 

Cilia. (L. an eyela.sh.) Minute filaments which line the 

membranes of animals ami jdarits, and whiidi, generally, sub- 
.serve a cinuilatory function by their vibratile movements. 

Cibripedta. {li. cirriis, a curl ; foot.) An order of Crns- 
taccii, in which the feet exist us filamentous organs. Exenqdi- 
lied by tlie “sea-acorns” and “ barnacles.” 

CNiDiE. tG. /, 11 life, a nettle.) The iirticatiiig, stinging, or 
“ tliread ” cells found in mo.st Cuilcntcrdta. 

Ccelenterata. (G. koilosy hollow; enteru^ vi.scera.) A sob- 
kingdom of animals, j)o.s.se.s.sing a digestive cavity in free com- 
munication with the cavity of the body. 

CcENOSARC. (G. kohtoft, common ; sarj,\ tle.sh.) The coniiectiu.r 
substance which binds together tlie zobids ol’ a Jf ydrozoon. 

Condyle. (G, konchdos, a knuckle.) Apjdied to the .surface or 
proce.ss of a bone which articulates with another bone. 

Corpuscle. (L. a particle. ) Applied to the solid 

particles found in blood, lymph, chyle, and other organic fluids. 

Correlation, Fu>'CTion of. (L. cim, together ; relatum, carried 
back.) The function by means of which animals are brought 

V 
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into relation with the outside world through their nervous sys- 
tem. Used synonymously with InnemmLion and Irritability. 

Crustacka. (L. crusta, a crust or shell.) The highest class of 
the A 7inulo.m, including the Crabs, Ijf)l).ster.s, etc. 

Cyclosis. (G. Jculdos, a circle.) Ai»i)lied to the circulatory 
movements seen in cells and in lower organisms. In some 
cases this circulation is caused by ciliary action ; but in other 
cases its cause is undetermined. 

Cys'I'. (G. ku.'ilis^ a bladder.) A sac or vesicle generally con- 
taining fluid. 

IIlATOMACEiB. (G. to cut through. ) The siliceous or 

flinty coverings of a large group of microscopic organisms of a 
low vegetable nature. 

Dinosauiita. (G. (ieinoSf temble ; saura, lizard.) An extinct 
order of re])tilcs, represented by the If/mnodoUj etc., and 
which are supposed to present features of relationship with 
birds. 

Dia^cious. (G. (Us, two ; oikos, a house. ) Applied organism.s 
in which tlui sexes are situated in dift'erent individuals. 

Distal. A}>i)i)lied to the free or unattached exti'cmity of any 
sti ucture or oi'ganism. 

Eodysjs. (G. a stri])ping off.) The process of “moult- 

ing,” or of clianging the skin. Seen typically in the process 
of nietaniorphosis. 

Eouinodkum AT.v. (G. echinos, a hedgehog ; clernid, skin.) A 
class of the Edihwzini or A annUnda^ including the sea-urchins 
and star-flshes. So named from the spiny or hard nature of 
the iniegiinient. 

hhri'oDKRM. (G. ddos, outside ; dcriim, skin.) The outer skin 
oi‘ external body layer of CinUntcrata. 

Emrrvo. (G. vu, in ; hr no, I swell.) Tlie earliest appearance of 
the future Ixdngrin an impregnated animal ovum. 

Endodkrm. (G. within ; and The inner skin or 

internal l)ody layer of Cidcntcrata. 

EriDKUMis. (G. epi, upon; and di^mia.) The outer layer of the 
skin in the higher animals, and the outer tissue of the leaves 
of ])lants. 

Eimzoa. ((t. cpd ; zobn, animal.) Applied to ceitain lower (7?^- 
tacrans, which exist as jmrasites on Ashes, etc. 

Fauna. (L. the rural deities of the Romans.) Ajiplied 

collectively to the entire animal life of a countiy or zone. 

FissiJ’Auous. ^L. jindo, 1 cleave ; }}ario, I ])roduce. ) A})plied to 
that asexual form of reproduction, in which new individuals 
are proiluced by simifle Assion, division, or cleavage of the 
parent body. 
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Flora. (L. jF’fom, the goddess of flowers.) Applied collectively 
to the i)laiit life of a district or country. 

Foraminifera. (L. /om/Mcw, a hole ; fcrOf I carry.) An order 
of Protozoa^ distinguished by the j^resence of a limy shell 
through holes or “foramina,” in which, the protoplasm of tlu* 
body can be protruded. 

Fusifoiim. (L. fitsitSy a sjnndle ; forma, shape.) Pointed at 
both ends ; spindle-like. 

Ganglion. (G. (lotjfjUon, a swelling.) A mass of nervous matter, 
con.stituting ;i nerve centre, formed of nerve cells, and re(‘eiving 
find emitting impressions. 

Gastric. (G. (jaster^Wit Indly.) Relating to the stomach ; or (in 
the lower animals) to the digestive .system generally. 

Gemmipaiious. (L. (jetmna, a bud ; jxrrio, I produce. ) A form ('f 
asexual repnxluction, in which new individuals are prodiice«l as 
“ gem line ” or ‘Minds” from the parent body. 

Geology. (G. </c, the earth ; lonos, discour.se.) The scieiure whii li 
deals with the form, structure, ^last history, and i>resenl rela- 
tions of our earth, and of the materials which comiR»se it. 
J*akw}Uol ()(/}/ (q, V.) is accounted a subdivision of this wider 
science. 

Germinal Vesicle and Germinal Si*ot. The niudeaied coll and 
nucleolar ])article seen in the unimiiregnated ovum, and which 
lie emhedded amid the “vitellus” or “yolk.” 

Germ Cell. The llrst cell wliich ajjpears in tlie iinj)regnated ovum 
as the result of succe.ssful iiiijiregnation. 

Gl.inI). (L. (jluHSy an acorn.) An organ secreting from thehlood 
certain j)roducts which are elaborated by the gland stnietnres, 
and excreted from the gland generally by a distinct channel oi- 
duct. 

Gonophure. (G. (jonos, .seed; phero, J carry.) A])plie(l to the 
reproductive processes or gener.ative zodids »>f Jf i/drozoo.. 

Gonosome. (G. (jo)ios ; and soma., body.) Aiq)lied eollectively to 
the reproductive zodids of an Jfi/drozooti. 

GoNOZodriJ. (G. (JO nos ; zo'On, animal ; eidos, form.) GeiuMally 
ap])lied to denote the rej)ro<luctive zodid of lljidrozoa, wlien it 
becomes detached from the parent organism, and exists as a fi ro 
and indei>endeiit form. (AW; Medusa.) 

Gregarina. (L. (jrex, a flock ; hence (jir.jarins.) A genus 
p)ara.sitic Pridozoa, rej)resent#*d by the (dreijarina. 

Haemal. (G. haimt, blood.) Relating to the blood- vascular or 
circulatory system. 

Hermaphrodite. {Or. Hermes, Mercury; Ajthrodite, Venus.) 
Ap)plied to organisms the sexe.s of which are contained in one 
and the same individual. 

HeterogANgliata. (G. heterus, diverse; gwjfjlion, a swelling.) 
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Owen’s name for the Mollusca. Applied in allusion to the 
irregular condition of their nen^oua system, 

Homogangliata. (G. homos^ similar ; and gagglion.) Owen’s 
name for the Annulosa. Applied in reference to the regular or 
symmetrical disposition of their nervous axis. 

Humekus. The single hone composing the “ brachium ” or 
“ upper arm ” of Vertehrata. 

Hydra. (G. a watersnake.) The common “fresh-water 

pol5’‘pe.” The type of the Ocdenterale class llydrozoa. 

Hydiiokoma. (G. hudra ; sonm, body.) Apjdied to the entire 
organism, simjile or compound, of a Ilydrozoon. 

Hydrozoa. (G. hudra; zooUf animal.) The lower class of 
CtdeniercUaf of which the Hydra is the type. 

Imago, (L. imago, an image.) Applied by Linnaeus to the per- 
fect, winged, and sexual insect. 

Incisor. (L. incido, I cut.) The front or “cutting teeth ” of 
Mammalia, which are fixed in the “ imemaxilla,” or front por- 
tion of the jaw. 

Infusoria. (L. infmuvi, an infusion.) The higliest class of 
Protozoa, so named from their general occurrence in infusions 
of organic matter. 

Innervation. See Correlation 

iNTUssuscEmoN. (L, mtus, within ; suscijflo, I receive.) The 
jtrocess by whixdi living beings receive matter or food within 
their bodies from the external \vorld. O])]»osed to the term 
Accretion (q. v.) 

INVERTEBRATA. (L. in, witliout ; vertebra, a Joint of the back- 
l)one.) Applied collectively by Lamarck to those groups or 
sub-kingdoms of the animal series (ex(;epting Vertehrata) which 
are destitute of a backbone or vertebral column. 

Irritability, See Correlation, 

Kainozotc. (G. kainos, recent ; zoc, life.) The most recent of 
the great life-])eriod8 into which the ])al:v‘C)ntolf)gist, from a 
consideration of the contained fossils, divhles the roc.k-forma- 
tions of the globe. The Kainozoic fossils, accordingly, approach 
more nearly than those of all the other periods to existing forms 
of life. 

Larva. (L. larva, a mask.) Linnams’ term for the first or cater- 
pillar stage of insect-life. 

Mammalia. (L. viamrna, the breast.) The highest class of Ver- 
tebrala, distinguished in chief by t)ie possession of mammarj' 
or milk glands, by means of whicli they suckle their young. 

Marsupialia. (L. marmpium, a pouch.) : An order of Mam- 
inalia, represented by Kangaroos, etc., which possess a “pouch ” 
for the protection of the immature young. 
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Medus-®. (L. Medusa^ a Gorgon.) Applied to a group of Hydro- 
zoa^ represented by the “ Jelly-fishes ” or “Sea-blubbers;” 
but the tenn is sonietiniea used to indicate the free gonozodida 
of many Hydrozoa, which closely resemble Medmoc in form 
and habits. 

Mesozoic. (G. mcaos^ middle ; znc, life.) The middle or Second- 
ary life-period of palaeontologists. 

Molak. (L. mola^ a mill.) The teeth in Maviinalia, which are 
not preceded by a “ milk ” or temporary set. The “grinding ” 
teeth. 

Mollusca. (L. vinlUsy soft.) Cuvier’s name for a sub-kingdom 
of animals, represented by shell-fish, cuttle-tishes, and other 
forms. 

Molluscoida. (L. imllmca ; G. euios^ like.) The lower group 
of the sub-kingdom Mollusm. 

MoNfflcrous. (G. immoSy single; oikos, house.) Applied to 
organisms in whicli tlie sexes are miited in one individual. 
Synonymous with llcmuiithrodUe. 

Monothalamous. (G. mm'}s ; thulamox^ a chamber.) Consist- 
ing of a single chamber. Generally applied to sliells. 

Mokpholocjy. (G. morphr.^ form ; loyos^ a discourse.) The 
division of biological science which deals with the structure 
and details of form of living organisms. It includes the sub- 
divisions anatomy, develo])nient, taxonomy or classification, 
and histology. 

Multilocular. (L. omilfits, many; loculm, a little jmrse.) 
Consisting of many chambers or divisions. 

Nerve. (L. ncnn(.% a sinew.) A]>})lic<l to tlie branching fila- 
ments of the neural or nervous system. 

Neural. (G. neuroiiy a cord or “nerve.’’) Belonging to the 
nervous system. 

Neuter. (L. nctrtrr^ neither.) Ai)jdied to forms (and especially 
to insects) in which the sex is indistinct or undevelojietl. 

Normal. (L. nonn'if a rule.) Agreeing with an ordinary ty]»e 
of structure, or with a usual and perfect function. 

Notochord. (G. back ; chtmlCf a string.) The ‘‘clnU'da 
dorsalis ” or “TioU»chord ” is a structure found in the eai'ly i'r 
embryonic life of all Vrrtchrala. It is formed in the floor of 
the “primitive groove” the embryo, and is generally 
replaced in the adult, by the vertebral column or spine ; 
although, in some cases, the “notocliord” persists, as such, 
throughout life. 

Nucleated, possessing a “nucleus” (q. v.) 

Nucleus. (L. nncleua, a kernel.) The solid particle of germinal 
matter found in the interior of mo.st cells. The “ nucleolus ” 
is the smaller particle, occasionally found within the “ nucleus.” 
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Occipital. Belonging to the “ occipital ” bone, or posterior bone 
of the vertebrate skull. 

CEsophagus. (G. ouoSi a reed ; pha^ein, to eat.) The “gullet” 
or tube leading from the mouth to the stomach. 

OVAHY or OvAUlUM. (L. (ycum^ an egg.) Tlie essential reproduc- 
tive organ of the female, in which the “ova” or “eggs” arc 
formed. 

Oviparous. (L. ovurti ; pario^ I produce.) Applied to animals 
which bring forth eggs from which the young are afterwards 
hatched. 

i)vuM. TJie essential product of the female generative system, 
generally consisting of an outer membrane, the “ vitellary mem- 
brane a “yolk” or “ vitellus and a contained vesicle and 
its particle, — the germinal ve-sicle and “germinal spot.” After 
inij)r<*gnation by contact with the male clement, the ovum 
is cai)able of being develoiiod into a new being. 

Palasontology. (G. p(tlaios, ancient; logos, a discourse.) The 
dei)artmetit of science (usually forming a sulxlivision of Geology) 
which investigjitcs the relations of life in the. ])ast, and thus 
deals with “ fossil organisms.” 

Palaeozoic. {(. 1 . jxfJmos ; zoe, life.) Tlie most ancient or Primary 
life-period, into which the 2>aheontologist divides the series of 
rock -formations. 

Pauikto-Splanchnic. {\u parlrs^ a w^all ; G. sjdar/chva, viscera.) 
Ai)])lied to the nervous ganglion iu the higher Mollusca, which 
siijtplies the walls of the body, the heart, gills, and other vis- 
cera, with nervous lilanients. 

Partiienogenksis. (G. parthenos, a virgin ; genesis, generation.) 
Owen’s general term for forms of asexual iviiroductioii (gemma- 
tion and lission). But more i>articularly used to deuote cases 
in which new individuals are produced by females from ova 
witliont imi>regnation by a male. 

Pedal. (L. pes, the foot.) Aj^died to the “foot” nervous 
ganglion of Mollusca. Coimected with the foot. 

Perigastric. (G. 77m, around ; gaster, the stomach.) Apidied 
to s])acesin the body -cavity in Invertehrata which surround the 
stomach and vis(;era generally. A circulation of fluid is not 
urilrequently observed to take jdace through these spaces. 

Perii’HERY. (G. p^iphereia, a circumference.) The outer edge 
or circumference of an organ or structure. 

Phalanges. (G. 2>Magx, a row.) The small bones of the fingers 
or to(^s (digits) of Vertehrata. 

PHYSioiiOGY. (G. phusis, nature ; logos, a discourse.) The 
division of Biology which investigates the fanctiom and mode 
of life of living beings. 

Pisces. (L. a fish.) Tlie lowest class of the Vertehrata — 

the Fishes. 
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Placenta. (L. placmta^ a cake.) The “after-birth” of Mam- 
inalia^ constituted in chief by the greatly-tlevelo])ed “ chorion,” 
and outer membranes of the impregnated ovum. The ‘ ‘ j)l!icenta ” 
forms the medium of communication between the circulation of 
the mother and that of the embryo or foetus. 

Platybhina. (G. broad ; nostril.) Applied to a 

group of Quadnivuina or Monkeys, distinguished by having the 
nostrils broad, and }daced far apart. Kx. — Si»iiler-Monkey. 

Pluteus. {lij. phiteus, a slied.^ Applied to the “larval” form 
of some Kchinodcrmatn. The “ painter’s easel,” larv\a of the 
Kchlm(i< or “Sea-urchin.” 

Polype. (G. poliis^ many; jwufiy f(M^t. ) Now a})]>lied to the 
“ individuals ” of single ActinoztKi^ or to the “ zoiiitls” of a com- 
pound Actinnzodn. Ftmnerly, and still po]iular]y used to sig- 
nify any of the })lant-like Co’lnib'raia and otlier forms. 

PoLYiMDE. A term now used to designate tln^ zoiinls ” of a 
Polimnm (such as the sei)arate organisms of which a “ Sea- 
mat ” is composed). Kmployed distinctively fnmi “jyolype” 
and “])olypite.” 

POLYPIDOM. The entire or common integument or outer skin of 
a Jlydrozouii or Poh/znon. 

POLYPITE. A term apjdied to designate the nutritive zohids of any 
Hydi'ozoon. 

POLYTiiALAMOXTS. (G. polus, many ; iJialmtios, a c-hamber. ) 
M any-chambered. A])plie(l principally to tlie sliells of Fora- 
min if era. 

POLTZOA. (G. polus ; zoorij animal.) The teclinical name of the 
Molluftaan class, which includes the “Sea-mats” and their 
allies. Synonymously used with the ohler naimt of “ llryozoaf 
this latter term meaning “ mo.ss-like ” aidmals. 

T’liOTTSTA. Hjeckel’s term for the series of lower organisms, the 
distinct animal or ]>lant nature of which has not been ascer- 
tained. Used synonymously with the term “ Jicynnnb Frotis- 
tievm." 

Protopiiyta. (G. profit, first ; jdndoUy j)lant.) A collective 
term used to designate the lowest plants ; Alym or Sea-weeds, 
etc. etc. 

Protoplasm. See Bioplasm. 

Protozoa. {Q. jirotos ; animal.) The lowest sub-kingdom 
or tyjie of animal-structuru 

Proximal. (L. jrroxhnusj next.) The fixed or attached extremity 
of a limb or organism. 

PSEUDOi’ODiA. (G. false ; poda, feet.) The prolonga- 

tions or jiroc esses into wdiich certain Protozoa (Rhizopoda, 
q. V.) can 2msh out the .substance of their jirotoplasmic bodies. 

PSEUD0NAVICELLA3. {Cj. pseudos ; L. namcula^ a little boat.) Aje 
plied to the spindle-shaped bodies seen in the reproductive 
development of Protozoa^ and which form the embrj’os or young 
animals. Ex. Gregarina, 
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Pterodactyl. (G. pterouj wing ; daktidos^ finger. ) A genus of 
extinct Reptiles di8tingui.shed by the great elongation of the 
fifth finger to fonn a support for a “ patagium or “ wing- 
membrane.” 

Pteropoda. (G. pteron ; pous, foot.) A class of MoUmca repre- 
sented by minute oceanic organisms, whicli possess two “ wing- 
like ” feet or fins attached to the head. 

Pupa. (L. pupa^ a doll.) The second stage of insect-metamor- 
phosis. Synonymous with “nymph ” and “ chrysalis.” 

Quadrumana. (L. pmtuoT^ four ; jtmnus, hand.) « An order of 
Mammalia represented by the monkeys, apes, lemurs, etc. 

Radiata. (L. radius^ the spoke of a wheel. ) Cuvier’s sub-king- 
dom of animals, now divided into the Rroiozoa^ Coilcnterata^ 
and EcJihwzoa. 

Radiolaria. (L. radius.) An order of Protozoa allied to the 
Foraininifera (q. v.), and distinguished by the possession of a 
flinty or siliceous shell. 

Recnum PitoTisTicuM of Haickel. {See Protista.) 

RunTLiA (L. nptd^ I crawl.) A class of VcridmUa represented 
by tortoises, snakes, lizards, .and crocodiles. 

Ruizopoda. (G. rhimy root ; pousy foot.) A class of Protozoa 
distinguished by the ]>ower of jmshing out the body into root- 
like lu’ocesses or “ ps(*udoj>odia” (q. v.) Ex . — Amahay etc. 

Rodentja. (L. ntdcrcy to gnaw.) An order of Mammalia repre- 
sented by the rats, etc. etc., distinguished by the x>ossession of 
a i)eculiar dental arrangement suited for gnawing. 

Rotifkra. ( L. roiUy a wheel ; /m>, I bear. ) A group of .ani- 
malcules now included in the Echhiozoal sub-kingdom, and 
which possess ciliated discs. When in motion these discs re- 
semble rotating wheels, and hence the name. 

SaRCODE. See lirOPLASM. 

Sessile. (L. sedoy 1 sit.) Applied to any body, structure, or 
organism destitute of a stalk or i)edicle, and wdiicli is attached 
directly to any surfa<;e. 

Siliceous. (L. sileXy flint.) Composed of silica or flint. 

Somatic. (G. somay body.) Belonging to the l>ody. 

Somite. (G. soma.) A segment or zone of the body in xVnnulosa. 
Ajqjlied also to any one j»art of a similar series. 

Sperm A iiiiiM. ((/. spcrnuiy see<l.) Tlie essential organ or struc- 

ture of the “ male ” rei)roductive system in which the seminal 
fluid and sx^ermatozoditls .are elaborated. The organ correspond- 
ing to the female ** ovarium. 

Sperm.\tozoa {or SpermatozoQids). (G. sperma; zc/on, animal.) The 
minute living organisms or “ animalcules ” found in the serai- 
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nal or spermatic fluid, and in which the fertilising power of 
male animals is supposed to reside. 

Spores. (G. sporay seed. ) The usually minute genus or seeds of 
Protozoa and many plants. 

Statoblasts. ■ {G. statosy fixed; hlastos, a bud.) The “winter- 
ova” or internal buds of Poh/zoay -which give origin to new 
individuals on being set free from the parent-organism. 

T.ENIA. [G. tainiay a ribbon.) A genus of parasitic worms repre- 
sented by tlie “ Tai)e-wonu.” Type of tlie family Twniada, 
Thread-cells. See Cnidas. 

Trophosome. (G. trephoy 1 nourish ; sonuty body.) The collec- 
tive term for the series of “nutritive ” zo(»ids of any J/i/drozoOtu 
Used distinctively to “gono.some” (q. v.) 

Tunicata. (L. a garment.) The class of bower 

rei»resente(l by the “Sea-squirts ” or Ascidians, 

Umbilical Sac or Vesicle. (L. uiidtilicusy the navel.) The 
embryonic sac of Vertchratiy develope<l from the “ mucous ” 
layer of the germ, and which is devoted chielly to the nutrition 
of the young form. 

Umbrella. The round contractile disc or “hell’’ of many 
Ilydrozoa ; characteristically seen \\\ Mcdime (q. v. ) 

Unilocular. (L. single ; a little purse.) Consisting 

of one chambers 

VxVCUOLES. (L. vacuuSy empty.) The minute clear 8pac«^s seen in 
the sarcode bodies of many Prolozmy and caused by the diges- 
tion of f(iod. 

Vascular. (L. m<?, a vessel.) Uelating to the humial or circulatory 
system. A “ vascular ” structure is one plentifully provided 
with bloodvessels. 

Ven'I’KAL. (L. venter, the belly.) Applied to the lower or 
inferior surface of any body or organism. 

Vertebra. (L. vertchray from vertcrc, to turn.) One of the 
joints or sepai'ate bones of the sj>ineor backbone of Vcrtehrata, 

Vertebkata. (L. vertcrc.) The highest sub-kingdom of 
animals, distinguished in chief by the i)»)ssession of a spine or 
backbone. Used distinctively to Invertehrata (q. v. ) 

Vesicle. (L. vesica, a bladtler.) A .sac or cyst generally con- 
taining fluid, but occasionally api>lied to denote certain 
glandular structures. 

Vibrio. (L. vibro, I quiver.) Applic<l to minute organisms of 
vegetable nature found in infusions of organic matter. 

Villus. (U. inllus, a tuft of hair.) Applied to minute i)rocesses 
of membranes throughout the animal economy. And specially 
to the vascular processes developed upon the “ chorion ” (q. v.) 
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of Veriehrataj which subsequently developes in the higher 
forms into the “ placenta.” 

ViTKLLiis, (L. vitelliL% \X\Q yolk of an egg.) The “yolk” or 
“ yelk ’’ of all ova. Surrounded by tlie “ vitellary membrane ” 
or “ yolk-sac. ” 

ViA' iPAiious. (L. mmis^ alive ; jaario, I produce.) Applied to 
those animals {e.g. Mammalia), which bring fortli their young 
alive. 

ZooiD. (G. zoUn^ animal ; culos, resemblance.) A term now 
applied to designate the separate beings of compound organisms 
{e.g. Sea-mat), which are jmxluced by buihling, or by lission 
I’rom a jjarent form. The zodids m.ay either be connected 
with, or entirely detached from the parent. 

ZoopiiYTt:. (G. zobn ; jdant.) A popular tenn for 

plant-lil;e animals, such as the Ajdroma^ Sea-mats, Corals, etc. 
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A BIOGENESIS, 200, 262 ; Listovy 
of, 204, 205 ; objections to, 
273 

Absorbent vessels, 183 i 

Absorption, process of, 58, 180 | 
Abyssal zone, 287 | 

Accretion, jnocess of, 0 
Actinia, 2(b') 

Actinozoa, 74, 205 
Agamic reproduction, 197, 203 
Air, relations of, to vitality, 34 
Albumen, 231 
Algcv, 44 

Aliiiiei: ‘.ation, function of, 58 
Allaut( :s, 244, 245 
Allman, 211 
Ali)acas, 28() 

Altered vitality. {Srr rotential 
vitality) 

Alternation of generations, 212, 
213, 214, 215, 210, 217, 218, 
219, 220, 221, 222 
Ambulacrul system, 77 
America, South, fauna of, 285 
Aiimion, 244 
Amniotic fluid, 244 
Aniwha, 54, 62, 73, 180, 184, 
188, 205, 206, 207, 261 
Amphibia, 88, 119, 132 
Analogy, 89, 101 ; examples of, 
102 

Anarthropoda, 80 
Anatomy, science of, 58 
“Ancient life ” period, 300 
Androgjmous forms, 199 
Anemones, 74, 205 


“ Animal ” layer of germ, 242 
Animal starch, 49 
Animals and rianbs, difterences 
between, 42 ; (diemical com- 
position of, 48 : form of, 42 ; 
food of, 42, 50, 178; loco- 
motion or motor power 
47 ; relations of, 55, 56 
Annelida, 80, 289 
Annulokla, 71, 78 ; symmetry 
of, 77, 110 ; metamorphoses 
of, 76, 257 

Annvlosn, 71, 78 ; symmeti’yof, 
110, 133 ; develojmieiit of, 
251 ; metamor])hosis of, 254 
Antenme, 95 
Ants, 146, 192 
Aphides, 223, 226. 

Arachnida, SI 
Areliebiosis, 260 
Arctic expedition, 288 
Area germinativa, 237, 241, 
242 

Area pelliicida, 242 
Area vasculosa, 242 
Arm of man, 91 
Armadillo, 285, 286 
Arrangement of ])ai*ts in oi’ganic 
and inorganic bodies, 7 
Arthropoda, 80 

Artificial classification, 113, 114 
Artificial selection, 139, 141, 
Asexual rejjroduction, 82, 197, 
203 

Ass, 130 

Assimilation, process of, 10 ; of 
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food, 60 ; nature of, 173, 
174 ; vital nature of, 180 
Astrophytm^ 288 
Atavism, 142, 14C 
Atlantic sea-ljed, 289 
Atmosphere, action of animals 
and ]>lants upon, 53 
Atrophy, 176 
Australia, fauna of, 285 
Automatic powers, 189 
Aves, 88, 120, 132, 244 

Backbone, 83 

Bacteria.^ 261 ; origin of, 275 
Bailey, 288, 289 
Balancing of organs, 103 
Balmiiy ^57, 258 
Balbinni, 227 

Bastian, ex}>erinients of, 271, 
272, 273, 276 
Bates on mimicry, 108 
Bathymetrical distribution, 281, 
287 

„ areas, 287 
Bats, 149 

Beale, 38; on cells, 167, 168; 
on nerve - tissue and innerva- 
tion, 186, 187, 188 
Beavers, 131 
Beclanl, 18 

Bees, 146, 192, 223, 224, 227 
Beetles, 81, 254 
“ Beginnings of life,” 272 
Bennett, 167, 169 
Bichat, 1 8 

Bilateral symniotry, 74, 79, 82, 
99, 110 

Biogenesis, 263, 264 ; histoiy of, 
264 ; arguments for, 273, 275 
Biology, 1 ; definition of, 1, 
2, 3 

Bioplasm, 20, 72, 155, 156, 169; 

molecular bioplasm, 169 
JHpmnnria, 77 
Birds, 88, 120, 132, 240, 244 
Birth of embryo, 245 
Bischoif, 236 
Blastema, 77, 167 


Blastoderm, 233, 236, 237, 241, 
242, 250 

Blastodermic vesicle, 236 
Blood-corpuscles, 105 
„ formation of, 174 
Body-cavity, 73. {See Somatic 
cavity.) 

Bonnet, 223, 224 
Botanical provinces, 282 
Botany, 1, 2, 3 
Urachiopoda^ 83 
Brain of Vertehratay 190 
Branclihe, 88, 184 
Branchial ganglia, 83 
Breeds of pigeons, 141, 142 
Brittle stars, 289 
Brown, 159 
Bviicke, 157 

Brimonian movements, 159 
Budding, process of. {See Gem- 
mation. ) 

Buflbn, 122, 266, 2G7 
“ Bull -dog ” Sounding expedi- 
tion, 289 
Butterflies, 254 

(^VMBRIAN SYSTEM, 301 
Camels, 286 

Carboniferous system, 301 
Car]>eiiter, 18, 189, 193, 253, 
288, 292 

Carjms, 91, 92, 93 
Catarhine monkeys, 286 
Oateq)illars, 254 
Cells, 154, 155 ; of animals, 50 ; 
contents of, 50, 157, 159, 201 ; 
of elaboration, 162 ; of excre- 
tion, 162 ; functions of, 162 ; 
history of^, 156, 166 ; nerve- 
cells, 163 ; nucleolus of, 157, 
160, 201 ; nucleus of, 50, 157, 
160, 201 ; origin of, 166, 167, 
168 ; of plants, 50 ; repro- 
duction of, 164 ; of secretion, 

162 ; of siiecial fimction, 163 ; 
thread-cells, 73 ; pigment-cells, 

163 ; wall of, 157, 158, 201 ; 
vital properties of, 162, 163 
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Cellular plants, 164 
Cellulose, 49, 158 
Centii>edes, 81 
Cephalic ganglia, 83 
Cepimlopoda, 83 
Cerebro-spinal axis, 190 
Chalk system, 301 
Chaniisso, 220 

Chemical composition : of organi<* 
and iiioi-ganic bodies, 6 ; of 
animals and plants, 42, 48 
Chemical “■compounds,'’ 6 
Chemical “ elements,” 6, 7 
Chloroi.hyll, 49 
Chorda dorsalis, 86, 243 
Chorion of egg, 231, 244, 245 
Chyle, 183 " ' 

Cilia, 65, 1S4 

Circulation, 58, 59, 180, 183 
Circumlittoral zone, 287 
Class, 117 ; definition of, 118, 
119 ; nature of, 131 
Classification : of natural sciences, 
1, 2, 3 ; mode of constructing 
a system of, 57, 112 ; method 
of, 115, 116 ; science of, 59 ; 
natural, 113, 114 ; artificial, 
113, 114 ; linear system of, 
113, 114, 132, 133 
Clio, 83 
Cnida3, 73 
Coal measures, 301 
Cockles, 83 
Cocoon, 255 

Codente.rata, 71, 73, 132, 209 ; 

development of, 250, 251 
Ccenosarc, 213, 228 
Coldstream, 293 
Conditions for vitality, 20, 32 
,, of deei)-sea life, 290 
,, of life in germs, 276 
Condyles of Mammalia, 105, 120 
Confervoid spore, 278 
Continuous gemmation, 203, 207, 
209, 210 

,, fission, 204, 205 
Contractile vesicles, 62, 184 
Coral, 43 


Coral polypes, 43, 74, 205 
Coralline zone, 287 
Correlation, function of. (See 
Innervation. ) 

Correlation of growth, law of, 
103, 104, 116, 120 
Crabs, 81 ; metamorphosis of, 
257 

Cretaceous system, 301 
Crinoids, 78 

“ Crosses ” among species, 126 
Criistact'a, 81, 207 ; develojunciit 
of, 240, 241, 288, 289 
Cutaneous layer of gei’in, 242 
(hittle fishes, 83 
Cuvier, 81, 122 

( ■yclical or jK'riodic change, 4, li) 
Cy(dosis, 160 
Cytoblastenui, 166 
Cytogenasis, 164, 236 

Dauwfn, 125, 137, 13S, 139, 
140, 141, 144, 145, 147, 151 
Darwinian theory, lliS, 140, 143: 
nature of, 139 ; ol)jections to, 
145 

Death, nature of, 37 ; from in- 
anition, 176, 177 ; local or 
pai-tiul, 176 
De Can.lolle, 122 
DecjKsea coral zone, 287 
Dee2)-sea life, 287 ; conditions 
of, 290 ; Foraniinifera, 289 
Definitions of life, 1 8 ; of si^ecies, 
121, 122, 123, 128 
De La Tour, 269 
De Quatrefages, 293 
Descent of man, ] 37 
Descent of species, 123, 126, 128 
JJesmodium, 193 
DeuterozoOids, 204, 210, 221 
Development, 58, 176, 229, 234 : 
stages ill, 233 ; first stage, 233 ; 
second stage, 241 ; third stage, 
252 ; nature of, 229, 230 ; o{' 
cells, 166 ; of Jinnidoida, 76 : 
of Annulosa, 95, 251 ; of 
Coslenterata, 250 ; of MoUtcsca, 
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240, 252 ; of Protozoa^ 248 ; 
of Vertehmta^ 246, 252 ; of 
fishes, 246 ; of birds, 246 ; of 
MammnlUi^ 233 ; of Crustacea^ 
240, 241 ; of life in an infusion, 
260 ; Von Baer’s law of, 238 
Devonian system, 301 
Diatoma<'ea\ 47 

Differences between animals and 
plants, 42 ; between organic 
and inorganic olijects, 4 ; be- 
tween diiierent organisms, 57, 
61 

Digestion, jirocess of, 58, 59, 
180, 182 

fHmmurM, 149, 150 
Dicecious forins, 199, 227 
JHonmt, 193 

Discontinnoiis fission, 204, 205 
,, gemination, 203, 
207, 209, 211 

Dismis proligcrus, 202, 231 
Distal, 209 

Distribution, 58, 60, 279 ; in 
space, 60, 180, 280; in time, 
60, 280, 298 ; and natural 
selection, 151 

Divisions of iiatniiil objects, 3 ; 
of natural sc i (Mice, 3 ; of bio- 
logical science, 58 
Doctrine of “ evcdution,” 136, 
137; of “ siiecial creation,” 
136 i 

Dormant vitality, 87, 264, 277 * 
Dorsal arelies of VertebraUit 83 
,, lamina*, 243 
,, tube of ,, 85 

Drone bees, 224, 225, 227 
Duges, 18 
Dumas, 28 

Duplicative subdivision of cells, 
164 

Dutrochet, 159 
Dutsch, 269 
Du van, 224 
Dzierzon, 225 

EABTinvoiiMS, 80 


Ecdysis, 255 
Echini^ 78 

Echinadcrmntaf 76, 78, 257 
Echinozoa^ 71, 74, 133, 257 
Ectoderm, 74, 251 
Ectotheca, 216 
Edentaifi, 285 
Egg. (See ovum. ) 

Ehrenberg, 289, 293 
Elective affinity of tissues, 163 
Elements, elie.inical, 6, 7 
Elements of form, 109 
Embryo-cell, 235, 236 
Embryology, 58 
Endodenii, 74, 250 
Endogenous cell - multiplication, 

164 

Eudosmose, 1 59 
Eocene rocks, 301 
Equidw, 130 
Essential elenuMits, 7 
Excito-motor iicts, 191 
Excretion, 18<i 

Exogenous cell - multiiffication, 

165 

Exosmose, 159 
Experience and instinct, 192 
External gemmation, 203, 
210 

Extinct species, 148, 298, 299 

Family, 117 ; definition of, 121 ; 
nature of, 130 

Fan nay 281 ; correspondence be- 
tween different, 286 
Fecundation, process of, 202 
Fibres, 155 
Fin of fish, 93 
Fishes, 88, 119, 132. 

Fission, 72, 204 ; nature of, 205 ; 

varieties of, 205, 206 
Fissiparous reproduction of cells, 

166 

Plies, 81* 

P'lora, 281 
Flukes, 78 

Flustray 45, 46, 64, 65, 83, 
184, 210 
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Food of animals and plants, 42, 
50, 51, 52, 173, 178 ; of deep- 
sea organisms, 295 
Foot (of Mollicsm)^ 82, 83 
Foot-jaws of Lobster, 95 
Foraminifera, 33, 36, 62, 73, 
161,179, 207; of deep sea, 289 
Forbes, 108, 122, 124, 287 ; 
zones of marine life, 287, 290 ; 
on marine life, 288 
Fore-limb of Horse, 92, 93 
Form of animals and plants, 42 ; 
of organic and iiioi^auic «»b- 
jects, 5 

Fossils, 298, 299 
Francesco Redi, 265, 266 
Fresh - water i)olype, 49, 63 
{Ifydrn) 

Fruitful virgins, 224, 226 
Functions : animal, 185 ; science 
of, 58, 59 ; of nutrition (see 
Nutrition) ; of reproduction 
Osee Iteprodmdion) ; of inner- 
vation i^^see Innervation) ; or- 
ganic fuiK^tions, 185 ; vegeta- 
tive functions, 185 
Fmiifi 179 ; in infusions, 271, ! 
275 

Funiculus (of Polyzon), 211 

Ganoija, iiervous, 80, 83, 190 
Ganglionic nervous system of 
Verti'bratay 190 

Gases necessary for vitality, 34, 
53 

Giistcropoda, S3, 240, 241 
Gemma*, 2u-l, 227 
Gemmation, 43, 72, 74, 82, 203 ; 
nature of, 207 ; varieties of, 
203, 207 

Gemmiparous cell -reproduction, 
165 

„ reproduction. (See 
Gemmation. ) 

General configuration of organic 
and inorganic objects, 5 
Generation. (See Reproduc- 
tion. ) 


Generation, simntaneous, 259, 
260, (See Abiogenesis.) 

“ Genesis of Species,” 146 
Genus, 117 ; definition of, 121 ; 
nature of, 129 

Geographical distrilnition, 58, 6(>, 
280, 281 ; divi- 
sions of, 281 

,, succession ; law of, 
284 

„ }u-( winces, 282 

Geological distrihutioM, 58, 60, 
280, 298 

Geology, 1, 3, 298 

(it’jdiyrcaj 80 

Germs, 263, 266, 207, 274 
Germ-cell, 197 
Germ-tlu'ory, 263, 268 
Germinal area, 237, 241, 242 
„ • centres of cells, 1(58 

„ memhrane, 237, 242. 

(Sec Rlastoilenn.) 

1 „ spot, 201, 202, 230, 

232, 234, 235, 247 
„ vesicle, 201, 202, 23(‘, 

232, 231, 235, 247 
Gills, 65, 88, 181 
f/tuhiyerince^ 289 
Glycogen, 49 
(ilyptodon^ 285 
Gono]thores, 216 
Gonosome, 214, 219, 221 
Gonozohhls, 216, 217, 218, 219, 
220, 221 

Goodsir on cells, 167 
Graiilian vesicles, 2o], 231 
Granular memhrane. (See Mem- 
hrana (iranidttsa , ) 

Gi-anular zone. (See iJiscAts pro- 

lifjerua. ) 

Greene, 206, 280 
Grctjarlna^ 73, 248 
Oreyariniilay 73, 218 
Growth, 10 ; of inorganic anfl 
organic body, 8 ; nature of, 
175, 233 ; nutritive growth, 
175 ; developmental growth, 
176 
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ItoKEL, 41 

Hoimal system, 73, 75, 82, 252 
Hares, 130, 131 
Harvey, 266 
Heart, 65, 87, 183 
Helmholtz, 269 
Hermai)hro(lite forms, 199 
HeteroynngliaUL, 82 
lletero^eiiesis, 259, 260. (See 
Abiogenesis.) 

Higher Mollnsmy 83 
Histology, 50 ; of Protozoa, 73 ; 

subject aiul liistory of, 154, 166 
Homoyan-gliata, 80, 82. 
Homogenesis, 263. (See Bio- 
genesis.) 

Homologues, illustrations of, 90 
Homology, 89, 90 ; illustrations 
of, 90, 91, 92, 93 ; modes of 
tracing, 93, 94 ; varieties of, 
101 

Homonioridnsni, 103, 107, 286 
Horses, sj*ecies of, 130 
Humerus, 91, 92, 93 
Huxlev, 23, 24, 41, 49, 68, 167, 
289 

JlyaUfd, 83 

Ilvbrids, 126, 128, 142 
Hydra, 49, 63, 74, 205, 209 
Hydroid zooidiytes. (See Jly- 
druznd . ) 

Ilydrozoa, 42, 74, 107, 198, 205. 

210, 212, 258 
Hypertrophy, 176 

Imaoo, 256 
Impregnation, 202 
Inanition, 176 

Incidental chemical elements, 7 
Indispensable conditions for vi- 
tality, 20 

Individual, 79, 98 ; definition 
of, 197, 198, 210, 214, 219, 
220 

Infertile hybridism, 127 
Infra-median zone, 287 
Infusions, development of life 
in, 260 


Infusoria, 44, 49, 73, 107, 184, 
205, 206 ; in infusions, 260, 
261 

Innervation, function of, 58, 59 ; 
nature of, 185, 186, 187, 188 ; 
in InverteHyi'ata, 189, 190 ; in 
lowest organisms, 68, 69, 186, 
187, 188 ; in plants, 185, 194 
Inorganic objects, characters of, 
4 ; form of, 5 ; chemical com- 
position of, 6 ; intimate stnic- 
ture of, 7 ; mode of increase 
of, 8 ; cyclical change in, 10 
Inorganic series, 3 
Insalivation, 180 
Insecta, 81, 108 
Insects, 81, 189, 191 
Instinct, phenomena and nature 
of, 191, 192, 193 
Intelligence, nature of, 189 
Internal gemmation, 203, 210 
Intimate strnctnre of organic and 
inorganic objects, 7 ; of ani- 
mals and plants, 42, 49 
Intussusception, ])ro('css of, 9 
1 uveridmita, correlation in, 189, 
190 

IiTitability, function of, 58. (Sec 
Innervation. ) 

.Iaguah, 286 
Jaws of Vertchrala, 87 
Jeffreys, Mr. Gwyn, 288 
Jellyfish, 217. (See Medusa.) 

Kainozoic Life Period, 301 
Kangaroos, 285 
Kidneys, 244 
Kyber on Aphides, 224 

Lacteal vessels, 183 
Lamarck’s theory of development, 
138 

Laviellibmnchiata, 83 
Laminarian zone, 287 
Laminae dorsales, 243, 252 
,, veutrales, 243, 252 
Lamp-shells, 83 
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Landois, 225 

Lan’a (of bet's), 225 ; (of butter- 
fly), 254 

Lateral distribution^ 281 ; con- 
ditions of. 283 
,, lionudogy, JH), 104 
Lanrentian syst(Mu, 301 
Law of <j^<siLrra]ilji(‘al or organic 
succession, 284 

„ of luitiitioii and reproduc- 
tion, 228 
La^^Tcnc(•, 18 
Leeches, 8(^ 

Lemmings 131 
Leopard, 2S«I 
Leporiihe, 
liejitothrix, 2<il 
Lcuckart, 225 
Lice, 81 
Liebig, 200 

Life : deHiiitions of, 18 ; nuture 
of, 13 ; theories of, 10 ; vital 
the.orj’ of, 10 ; jiliysical llieoiy 
of, 10 ; pliysic.al basis of, 10, 
19, 21, 23/ (See also Vitality, 
Proto] )lasi II, Iboiilasin.) 

Life - periods of Pala*ontol<»gy, i 
300, 301 I 

Life-theories, consideration of, 
13, 14, 15 

Light: rclatiotis of, to vitality, 
35 ; in sea-deptbs, 291 
Line of beauty, 5 
Linear classiticatioii, 50, 113, 
114, 132, 133 
Lion, 280 
Liquor aiiinii, 244 
Lister’s exjierirnents, 274, 275 
Littoral zone, 287, 290 
Liver, 65 
Llamas, 285, 280 
Lobsters, 81 ; structure and dc- 
^ velo]>ment of, 94, 95, 90 
' Locomotive jKtwers of animals 
and plants;, 42, 47 
Lower Mollusca^ 83 
Luminosity, animal, 293 
Lymphatic vessels, 183 


Macculloch, 293 
M‘01intock, Sir Leopold, 2S9 
M‘Intosh, 297 
Malthas, 143 
Mnmvud^ structure of, 06 
Mamnmlio^ 88, 120, 131, 132 ; 
allantois of, 244 ; development 
of. 233 ; ova of, 201, 231 ; 
extinct mammals, 284. 

280 

Manubrium, 217, 218 
Marine Lilc, of, 287 

Marm<»ts, 131 
d///r.sv/p/o/rr, 285, 280 
MartiJi, 122 
Mastication, 180 
“Matter of Lib*,” 19, 20, 22, 
31, 155. (See also Proto- 
jdasm aiid llioplasni.) 

Median zone, 287 
Mednm, 74, 217, 218, 219, 220, 
221, 258 

“ Medusa-head ” stai tish, 288 

emhryo, 217, 218, 258 
j^retuhriUKt iirtfiiuhtsu,, 201, 231 
Memhranes, 155 
Merosomc, 110 
Mesozoic life-j>eriod, 301 
Met.acar]iiis, 92, 93 
Metagenesis, 222, 223, 227. 

(See also Allernatioii of (Jene- 
rations. ) 

Metanioii»liosis, 119, 252,253; 

nature of, 250, 257 
Mice, species of, 129, 130, 131 
Mha'oscdjiic morjiliology, 154 
Miildle lifc-]K'riod, 30l 
Millci»ede.s, SI 
Mimicry, 103, 108 
193> 

Miocene system, 301 
Mites, 81 

Mivart, 140, 147, 149 
Mode of assimilation of food in 
animals and ji bants, 50 
Mode of iucrejise of organic and 
inorganic bodies, 8 
Mohl, 158 
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Molecular movements, 159, 167 ; 
ill infusions, 260 
,, theory of cell-tlevelop- 
ment, 167 ,* of or- 
ganisation, 262 
,, bioplasm, theory of, 
169, 262 

Molecules, 50; organic, of Buffon, 
267 

Mollusca, 47, 71, 81, 133, 212 ; 

development of, 240, 
241, 289 
,, Propary 83 
MolLuscoiddy 83 
Monkeys, 285 

Monrecious forms, 199, 227 | 

Moriihologicaldifftirences between I 
animal forms, 70 
,, types, 61, 70, 88. 

117, 118 

,, “si»ocies,”126,127 

Morxjhology r <lcljnition of, 58, 
59 ; divisions of, 58, 59 ; 
mi(Toseoj)ic, 154 
Moths, 254 

Motor ])ower of animals and 
plants, 42, 47 

Mountains, effects of, on distri- 
bution, 283 

Movements ill ])lants, 193 
Moving jdant of ' India, 193, 
194 

Mucous layer of germ, 242, 243, 
250 

Muddy districts of sen., 297 
Mulberry condition of egg, 236 
Mulder, 21 
Miiller, 122 

Multilocular Fom7nani/era, 207 
MuriddCy 130 
Mussels, 83 
Myriapoday 81 

My7'viccoph(vjHy 286 

Nassula, 206 

Natural classification, 113, 114, 
117 

„ history, 1 ; classifica- 


tion of, 3 ; definition of, 1 ; 
divisions of, 3 ; sciences, 2 
Natural selection, 139, 142, 143 ; 
objections .to, 145. (See also 
Darwin and Sjiecies.) 

Nature of food of animals and 
idants, 50 

Needham, 266, 267, 268 
Neural system of CailcnUraUiy 
73; of Ec.hi/wzod, 75; of 
Annul osdy 79, 80, 252 ; of 
Mollmat.y 82 ; of Vcrtahraiay 
84, 252 

Neural tube oiVerlehraitiy 85, 243 
Neuters, 224 
“ New-life ” j*eri()d, 301 
Niitochord. (Heef-liorda dorsalis.) 
Nucleolus, 73, 160, 20], 206, 
232 

Nucleus, 50, 73, 157, 160, 201, 
206, 232 

Nutrition, function of, 58, 59, 
171 ; nature of, 171, 172 ; of 
tissues, 180 ; vital nature of, 
180 

Nutritive deveh^]>mcnt, 233, 252. 
,, equilibrium, 175 

,, oj-gaiis of animals and 

1)1 ants, 54 

Objkctive relations of living 
beings, 279 
rEso]ihageal collar, 80 
(Esophagus of VcrlehratUy 87 
Old ked Sanilstonc, 301 
Oolitic system, 301 
OjdiwcmntCy 289 

Order, 117 ; definition of, 120 ; 
nature of, 131 

Organic bodies : characters of, 
4 ; form of, 5 ; chemical com- 
position of, 6 ; intimate struc- 
ture of, 7 ; mode of increase 
of, 8 ; cyclical or periodic 
change of, 10 

Organic life-functions, 85, 185 
, , molecules of Buffon, 267 
,, series, 3 
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Organisation, 18, 32 ; relations 
of, t(^ vitality, 32, 33 
Organogenesis, 239 
Origin of species, 134, 135, 136. 

(See also Species.) 

OrthopU rous insects, 109 
Onfctcroima^ 286 

Ovarium, 201, 203, 205, 211, 
218, 219, 223, 230 
Oviduct, 224 
Oviparous animals, 246 
Ovisacs, 201, 230, 231 
Ovo-vivi)farons animals, 246 
Ovum, 197, 199 ; structure of, 
201, 216, 219, 221, 230, 231 ; 
varieties of, 247 ; of Cu'len- 
icirtia, 251 ; of Mammal, 247, 
248 ; of Ifinls, 247 
Owen, 222, 223, 284 
Oysters, 83 

Pabulfm of cells, 1 68 
Paddle of whale, 93 
Palaeontological ohjectiona to 
natural Nele<?tion, 148 
Palaeontology', 298 
Palieozoic' life period, 300, 301 
Pauspcniiatists, 263 
Paraino cinm^ 73, 206 
Parieto-s])lanclinic ganglia, 83 
Parthenogenesis, 222 ; nature 
of, 226, 227, 228 
Pasteur’s experiments, 269, 270, 
271 

Peccaries, 285 

Pedal gaTiglla, 83 

Perhjdic change of organic bodies, 

10 

Periidast, 167 
Permian system, 301 
Pettigrew, 194 
Peysomiel, 43 
Phalanges, 92, 93 
Phasmidie, 109 
Phillips, 286 

Pliosi>horescence of animals, 293 
rhylliido, 109 

Physical forces, definition of, 17 


Physical life-basis, 16, 22, 23 ; 
in cells, 169, 182. (See also 
Bioplasm and Protoplasm.) 
Physical theory of life, 16, 22, 
23, 24, 25 

Physiol ogicahli vision of labour, 68 
Physiological <lilferences between 
animals, 61, 67, 68 
Physi(»logical s])eeies, 126, 127 
Physiology, 58, 59 ; divisions of, 
58, 59, (See also Function, 
science of.) 

Pigment-cells, 163, 217 
Pfso's. (See Fishes.) 

Placenta, 244, 215 
! Plants, relations of, to animals, 
42; food of, 42, 50, 178 ; 
movements in, 193 
Phmt-lice, 223 
Vlaimla, 219, 220 
Platyrhiiie monkeys, 285, 286 
Pleistocene system, 30l 
Pliocene system, 301 

PlutruHf 77 

Pneiimatic duct f)f fishes, 97 
Poly}>es, 44 

i‘oiff]ti(h'.s of Flnsb'if, 65, 210 
Polvpites of llifdruzoa^ 43, 213, 
217, 219, 228 
PolyVHi, 83, 107, 211, 2S9 
lh>rcuj)ines, 131 
I5)st-tertiury system, 301 
Potential vitality, 37, 264, 277, 
Pouehet, 261, 271 
Prehension, 1 80 
I'ressiire in deep-sea organisms, 
290 

Primary life-period, 300, 301 
I’rimitive groove, 86, 242,243,252 
Primitive veitehiic, 243 
Primordial utricle, 158 
Produced zoi>id, 204 
Producing zodid, 204, 209 
Prolegs, 254 
Iholigerous pellicle, 261 
I'roteine compounds, 21 
Protnphyta^ 40, 47 
Protoplasm, 16, 19, 20, 21, 22 
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72 ; formation of, 23 ; rela- 
tions of, to vitality, 29, 169, 
170 

TroiiWM, 40, 44, 71, 72, 133, 
207, 232, 248, 260 
Protozoi e-absorption theory, 296 
Protozooids, 204, 210, 221 
Provisional larva, 77, 257 
Pseudova, 227 
Psendonavicelljo, 249 
Pseudoj)odia, 206, 207 
Pterodactyles, 149 
Plcropoda^ 83 ; development of, 
240, 241 
Pupa, 256 

Quadrate lloiie, 119 

137, 285, 286 

Quafff/a^ 130 
Quatrefaj^es, 293 
Queen-bees, 224, 225 

RATiniTs, 130, 131, 146 
Race-likeness, 142, 1 16 
Races, 124, 139, 141 
Radial syiniiieivy, 74, 77> 110 
Jiadiolftria, 73 
Radius, 91, 92, iKi 
Rats, s])ecies of, 129, 130, 131 
Reaction of animals and plants 
on the ntrnos]>lune, 53 
Recent system, 301 
Redi’s ex])erinients, 265, 266 
“ Regnnm IVfdi.sticnm,” 41 
Relations of animals to ]>lani.s, 
40, 41, 42, 55, 56 
Reproduction : function of, 58, 
59, 195 ; nature of, 195, 196 ; 
modes of, 196, 197 ; of cells, 
164 ; asexual modes, 197, 263 ; 
sexual modes, 196,199 ;iu (Jai- 
Iniferafffy 74 ; in PcJiinozoa, 
75 ; in MollKacn^ 82 ; in Pfoto- 
iroe, 72, 232 ; in VcrtebrnOi^ 87 
Replilia, 88, 119, 132, 149 
Respiration, 58, 59, 180 : func- 
tion of, 65, 184 ; of deep-sea 
forms, 296 


Retrograde development, 219. 
257, 258 

„ metamorphosis, 219, 
257, 258 

Reversion of species, 146 
Phizopoda^ 73, 205, 206 
Rock-pigeon, breeds of, 141 
Roden tia, 131 
Ross, Sir John, 288 
Rotifera, 37, 107 ; potential 
vitality of, 37, 277 
Rumination, 105 

Salivary glands, 65 
Salpa^ 83 

Sanderson-Bnrdon, Dr., 273 
Sand worms, 80 
Sanguification, 183 
Sap of plants, 174 
Sarcode, 20, 72, 207, 208 
Sclileiden, 166 
Sclmeder, 269 
Schulze, 157, 269 
Se-bwanii on cells, 166, 269 
Science of life, 1, 2, 3 ; of form, 
58, 59 ; of function, 58, 59 
Scorpions, 81 
Sea-acoi‘ns, 257 
Sea-anemones, 205 
Sea-blubber, 217 
Sea-cucunibei‘s, 78 
Sea-lirs, 74, 210 
Sea-lemons, 82 
Sea-lilies, 78 

. Sea-mats, 45,83,107; nature 
I of, 46, 210, 211 ; structure 
of, 64 

Sea-squirts, 49, 83 
Sea-urchins, 78 
Secondary life-])eriod, 301 
Segmentation of yolk, 234, 235, 
236 

Selection, natural, 139 ; arti- 
ficial, 139, 141 ; sexual, 139, 
143, 144, 152 

Selection by tissues, vital nature 
of, 175 

Sensations in correlation, 188, 189 
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Sensitive plants, 193, 194 
Sensori-niotor acts, 191, 192 
Serial homology, 98 
Serous layer of germ, 242, 243, 
250 

Serres, 239 
Sex, 197, 199 

Sexual reproduction, 82, 87, 196, 
197, 199, 247 

Sexual selection, 139, 143, 144 ; 

objections to, 152 
Shell, 82, 207 
Shrimps, 81 
Silurian system, 301 
Skeleton of Vertebt'ota^ 87 
Sloths, 285, 286 
Snail, 83 ; structure of, 65 
Social iusects, (U)rrelation in, 
189, 191 

Somatic cavity, 73 
Somites of Annulosay 78 
Spallanzani, 268 
Special creation, doctrine of, 136, 
280 

Specialisation of functions, 61, 
62, 63, 64, 118, 120, 173 
Species, 117; definitions of, 121, 
122, 1 23 ; nature of term, 1 21 : 
provisional definition of, 128 ; 
examines of, 129 ; origin ol‘, 
134, 13.5, 136 

Specific centres, 108, 136, 281 
S]>encer, 18, 99, 111, 196, 253 
Spermaria, 200, 203, 205, 218, 
220, 223 

Spermatozoa, 197, 199, 200,202, 
216, 219, 223 
Si)erm-ccll, 197, 201 
Spiders, 81 
Spinal cord, 190 
Sjune, 83 
Sj>ongcs, 73 
Spo wjida.j 73 

Spontaneous generation, 259, 
260, 262 
Spoon- worms, 80 
Spores, 275 
Stiuirrels, 131 


Stalactite, growth of, 8 
Stalagmite, growth of, 9 
Star-fishes, 78, 207, 288, 289 
Statoblasts, 211 
Steenstnip, 220, 222, 228 
Stentor, 206 
Stroma, 201, 231 
Struggle for existence, 139, 143 
Sul>-kingdoms of .animals, 71, 88, 
117, 118 ; nature of, 131 
Suhsuliarv conditions for vitality, 
20, 32 ‘ 

Succession, organic or geogmphi- 
cal, 284 

Su}»er-o‘sophagcal ganglia, 83 
Surface-distribution, 281 ; con- 
ditions of, 283 
Survival of tbo fittest, 139 
Swarmu>g of bet^s, 225 
Swimmerets, 96 

Swimming-bladder of fishes, 96, 
97 

Symmetry, 72, 74, 77, 79, 82, 
j 86, 87, 99 ; nature, of, 109 ; 
varieties of, 1 1 0 

Sympathetic nci vous system, 85, 
190, 191 

Sym])athy between oigans, l(i6 

Tfvniitdft, 55, 98, 212 
Taj)ewonns, 55, 78, 98, 212 
3\-ipir.s 285, 286 
Taxonomy, 58, 59 
Temj)crature of tin scu-dcpths, 
294; relations of, to vitality, 35 
Terebralnln,, 83 
Tertiary lifc-])criod, 301 
IMieories of vitality. (See Life.) 
Tlieory of a molecular biojdasm, 
169 

,, of transmutation, 137 
Thomson, ITofessorW yville, 288, 
294, 295 

,, Sir W., on time pu.st, 
150 

Thread-cells, 73 

Time and “Natural Selection,” 
148, 150 
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Tomla, 275 
Trachea, 07 

Transformation. (See Metamor- 
phosis. ) 

Transitional forms, 148 
Transmutation, theories of, 137 
Treviianns, 18 
Triassic system, 301 
Tritozoiiids, 204, 210, 221 
Trophosome, 214, 219, 221 
Tunicata, 83 

Tyndall’s exi)eriinents, 270 
Ty])es, morpljoloe^ical. (See Mor- 
phological Tyjtes.) 

Tyi^es of animal form, 70, 71 

Ulna, 91, 92, 93 
Umbilical vesicle, 244 
Umbrella hi Mcdiisay 217 
Urachus, 244 
Urea, 52 

Uropyginm of birds, 142 
Urticating cells of Cadenterata, 
73 

Vacuoles of cells, 107 
Variability in .s]>ecics, degrees of, 

140 

Variations in si)ecies, 124, 125, 
140,141 

Varieties of species, 123, 139, 

141 

Vascular layer of germ, 242, 
244 

Vegetative layer of germ, 242 
,, repetition of J)arts, 
78, 99 

Veil oi Mrdnsa, 218 
Ventral arclies of Vertd)rata, 83 
„ laiiiinffi of „ 243 

„ tube of „ 85 

Venus’ Fly-trap, 193, 194 
Veitebrap, primitive, 243 
Vertebral column, 83. (See 
, Spine.) 

Vertebraidy 71, 83 ; development 
of, 86, 87 ; nervous axis of, 
84, 85, 190 ; correlation in. 


189 ; notochord of, 86 ; spine 
of, 83 ; systems of, 84 ; sym- 
pathetic system of, 85, 190 ; 
skeleton of, 87 ; reproduction 
of, 87 ; symmetry of, 110 ; 
origin of, 138; classification of, 
88, 118; ova of, 201, 230, 231 
Vertical distribution, 281, 287 
Vesicle, genninal. (See Germinal 
vesicle.) 

Vesicles of evolution, 201 
Vessels : of i)lants, 50 ; lacteal 
and lymphatic, 183 
l-dmosy 261 

Vrilli, 245 

Virgin females of Aj>hidcSy 222, 
227 

Visceral clefts of Vertrl)rrttn.y 88 
„ tube of Vertebratey 85, 
243 

Vital pro})erties : of cells, 162, 
1 63 ; of tissues, 175; of 
selection, 175 

yy force, 13, 16, 175 ; defini- 
tion of, 17 ; theory of, 16, 25, 
26, 27 

Vitality, 13, 29 ; conditions for, 
20, 32 ; theories of, 16 
Vitelline duct, 244 

,, membrane, 201, 202, 
230, 231, 236, 244, 247, 251 
Vitelhis, 201, 202, 230, 231, 
234, 244 

Viviparous animals, 246 
Volition, power of, 190 
Volvox (flobdioTy 44, 47 
Von Baer’s law of develojunent, 
238, 239, 240 
Von Siebold, 223 
VorticellWy 73, 205 

“Walking-leaf” insects, 109 
“Walking-stick” insects, 109 
Wallace on mimicry, 108 ; on 
sexual selection, 152 
Wallich, Dr., 2S9 
Wasjis, 192 

Water, relations of, to vitality, 36 
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Wai.^^r-vascular system, 75, ?i 
Y ale’s-food,” 83 
\\) l-animalciilevS, 37, 78, i;; 7 
Kilk, 83 ; structure of, 65 
Will, power of, 1 1)0 
Wiug : of bird, 93 ; of bat, 93 
Winter-ova, 211 
I Wollfian lK)dies, 244 
' Woodlice, 81 
Woodward, 1 22 
Working-bees, 224 
Wrist, 91, 92, 93 
Wyville Tliomson, 288, 294, 295 

Yeast plant, 275 
Yolk, 201, 202, 230, 231, 244 ; 
segiueutatiuii of, 234, 236, 247 


j Yoiv'-sae,, 244 
I ZRBiU, 130 

Zona pcllucida, 201, 230, 

236 

Zonal symmetry, 79, 98, 110 
Zones of marine life, 287 
Zobid, 98, 198, 204, 209, 210, 
213, 219, 222 

Zoological iiulividual, 197, 198 
,, )>rovini es, 282 ; rela- 
tions of, ill tiie past, 284 
Zoology, 1, 2, 3 

Zooj.bvtes, 42, 107, 198, 212, 
213, 258 

Zoos})ores of Ahjw, 44 


THE END. 
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